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SECTION 1

INTRODUCTION AND OVERVIEW

computer program which integrates nine ROSCOC-IR models (see Table 1-1) into Th aua akrudRdain(B)Mdl sdfndt e a

consistent, stand-alone module for the purpose of developing and testing the

capability to compute the natural upwelling spectral radiance as 6 function of

altitude. The relationships of the routines in the NBR Module should be

similar to the relationships of the routines in the ROSGOF-IR Program except

for its use of overlays and a broader use of the ORG Dynamic Storage Alloca-

tion (DSA) System [SP-78].

The upwelling radiance will normally be a function of direction;

however, for the anticipated applications it is expected that a spatially-

averaged value will be adequate. (If later studies show that direction-

dependent values are required, relatively minor code changes can be made to

retrieve the more detailed information now generated to derive the spatially-

averaged value.)

Computation of the upwelling radiance may be described with the aid

of Figure 1-1. Point V is at altitude z above a selected reference origin,

Table 1-1. Models Integrated into the NBR Module.

Model ROSCOE Manual
"Title Number Developer Volume Number

Ambient Atmosphere la SAI/U] 14a-1, 14c
Atmospheric Aerosols lc,19:lc VI 25
Natural Clouds ide19:ld SA[/PA 24
Atmospheric Thermal Emission 20b GET 28,31
Molecular Transmittance 24d GET 28,31
Earth Surface Characterization 23a SAe/pc 27,Sect.2,3
Earth Surface Radiance 23b SAho/LJ 27,Sect.5
Upwellinq Natural Radiation 23c SAt/d 27.Sect.6
Solar Radiation 23e SAo/up 27aSect.4

11



SUN

12 km (9d

Figure 1-1- Geometry to illustrate the computation of upwelling natural radiation for one viewing

direction VP.

V. For a (fictitious) detector at Point V viewing in the direction of Point

P on the ground, the processes we include in computing the radiance in the

direction of PV may be separated into two cases:

A. No Clouds

1. Air emission between V and P, attenuated by molecules and

aerosols.

2. Surface emission at Point P (from any of the seven modeled sur-

face materials), attenuated by molecules and aerosols along PV.

12



3. Surface-reflected solar radiation, attenuated by molecules and

aerosols along the total path (P + PY).

B. With Clouds

(Highest cloud tops are at or below Point C at 12-km altitude. The

first three processes below are weighted by the probability the line-

of-sight along VC intercepts clouds.)

1. Air emission between V and C, attenuated by molecules and

aerosol s.

2. Surface emission from cloud tops at or below 12 km, attenuated by

molecules and aerosols along CV.

3. Cloud-reflected solar radiation, attenuated by molecules and

aerosols along the total path (§, + 5).

4. Processes 1 and 2 from the no-cloud case, weighted by the prob-

ability of a one-leg cloud-free line-of-sight along VP.

5. Process 3 from the no-cloud case, weighted by the probability of

a two-leg cloud-free path along the broken path (VP + PS).

In view of the above-listed contributions to the radiance, it is easy

to recognize the need for integrating so many models into the NBR Module.

Five of these models, as indicated in Table 1-1, have been reported in other

volumes. The remaining four models are documented in this volume. To this

documentation we first provide an overall guide, followed by more detailed

descriptions.

The Earth Surface Characterization Model is described in Sections 2

and 3. Section 2 contains general information and details for non-water sur-

faces; the details for water surfaces are given in Section 3. The Solar Radia-

tion Model is described in Section 4 and the Earth Surface Radiance Model in

Section 5. In terms of such models, the Upwelling Natural Radiation Model is

presented in Section 6 and overall coding information for the stand-alone NBR

Module in Section 7.

In Sections 2 and 3 we present the ROSCOE-IR model (23a) for the

Earth surface characterization, in the spectral range from 2 to 5 Um (or 5,000

to 2,000 cm!). The principal routine in the model is Subroutine [SURF which

13



(with auxiliary routines for water surfaces) provides the (1) monochromatic

bidirectional rcflectance-.distribution function (BRr)F), monochromatic direc-

tional emissivity, and (3) temperature of the Earth's surface at the inter-

section point of the optical line-of-sight. Since the surface category is not

automatically correlated with the geographic position, the user must select

one of the seven categories provided plus an associated descriptor where appro-

priate: (1) Lambertian surface (and diffuse reflectance), (2) water (and wind

speed), (3) snow (and its age-parameter), (4) sand, (5) soil, (6) foliage, and

(7) urban material (and degree-of-urbanization parameter). The user calls

Subroutine ESURF with the zenith angle of the solar ray at the intersection

point, the direction of the detector at the intersection point (specified by

the zenith angle and the azimuth angle relative to the principal plane of the

solar ray), the altitude at the intersection point, the surface material (and

associated descriptor) at the intersection point, and the wavelength.

The BRDF for each of the surfaces (except water) is computed from an

invented analytic expression .containing spectral and directional parameters

which have been fitted to the (meager) available data, presented in Section 2.

Also presented are derivations of directional-hemispherical reflectance from

the BRDF and the directional emissivity.

For a water surface, Subroutine ESURF calls Subroutine GLITTR to

obtain the BRDF and directional emissivity. Subroutine GLITTR, its auxiliary

routines, and the underlying model for the glitter from a wind-ruffled water

surface are described in Section 3. The model is based largely on the work of

Cox and Munk [CM-54 , including (1) the basic equation relating the glitter

radiance to the wave-facet slope-probability distribution, (2) a two-dimen-

sional isotropic normal distribution for the slope-probability distribution,

and ý3) a linear relation between the slope variance and the wind speed.

Modifications and extensions of the Cox-Munk work include (1) using the

Levanon-derived [Le-71b] equations for the slope and angle of incidence re-

quired at a viewed point to provide a glint, in terms of the position of an

arbitrary-altitude detector viewing a spherical Earth, instead of the equa-

tions for a flat Earth as (appropriately) used by Cox and Munk, (2) evaluating

the Fresnel equations for the specular reflectance in terms of the compieA

14
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index of refraction of water for the 2- to 5-urm region, instead of the visible

region, (3) incorporating a shadowing factor fbased on the work of Saun6ers

[Sa-67, Sa-67a, Sa-68c] but extended to permit a "bistatic" dependence on the

zenith angles of both the incoming and outgoing rays) which multiplies the

slope probability distribution and takes account of shadowing of some slopes

by others for illuminating and viewing near the horizon, and (4) providing a

solution (by iteration) for the location of the specular reflectance point on

a spherical-Earth water surface that is smooth for zero wind speed. The direc-

tional emissivity of the wind-ruffled water surface is approximated by that

for a smooth water surface owing to the complex geometry which prevents analy-

tically integrating the BRDF over a hemisphere.

In Section 4 we present the ROSCOE-IR model (23e) for the solar spec-

tral irradiance at the top of the atmosphere, in the spectral range from 2 to

5 Pm. The input data to the model, taken to be the NASA data adopted by the

American Society of Testing and Materials, have been fitted by piecewise-

continuous power-law expressions. The model may be called with either H#ave-

length (am) or wavenumber (cm-I) and an index which selects the output spec-

tral irradiance in any of four forms. Therein are presented derivations and a

flow o gram of Subroutine SOLRAD.

In Section 5 we present the ROSCOE-IR model (23b) for the Earth sur-

face radiance. The model provides two components of the radiance directed

along the path PV in Figure 1-1: (1) thermal radiation enitted at Point P and

(2) solar radiation reflected at Point P. Strictly, the surface-reflected

solar radiation is actually provided in an unattenuated form with the path

parameters required as part of the input to a later computation of the molecu-

lar absorption over the total two-leg path (S-P + FV). The aerosol transmit-

tance along the incoming path SP is also provided. The principal routine in

the model, Subroutine SURRAD, and its auxiliary geometry routine (Subroutine

RINOUT) are described, including derivations of the zenith angle of the sun

(I ), zenith arngle of the detector (ed), ard azimuth angle of the solar ray

reflected toward the detector (,'). We also provide detailed summaries of the

inputs and outputs for the routines developed by other organizations (G.E.

Tempo and Visidyne, Inc.) which we use to complete the model.

15
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Subroutine SURRAD also provides for natural clouds if they are in-

cluded in the calculation. While clouds are not strictly an Earth-surface

feature, the treatment of the two components of the radiance along the path CV

in Figure 1-1, resulting from cloud tops (the highest of which is 12 km in the

Natural Cloud Model and shown as Point C in Figure 1-1), is analogous to that

for Point P and thus is appropriately included.

The ROSCOE-IR model (23e) for the upwelling natural radiation is

presented in Section 6. This model evaluates the mean upwelling spectral

radiance at Point V (in Figure 1-1) by averaging the radiance over the solid

angle (aT) defined by the cone with vertex at Point V and tangent to the

Earth's surface. In practice, we average the set of radiances received at

Point V by viewing (in the absence of clouos) a set of characteristic Point:, P

on the Earth's surface and within aT. The Points P are selected in terms of a

set of angles (B) measured from the nadir and a set of azimuth angles (W) for

each nadir angle. The results from the Earth Surface Radiance Model for each

Point P are augmented by computing (1) the air emission along the 71th 4. (2)

the mole(ular path parameters along P, (3) the total path parameters along

(SP + PV) by adding those for SP and PV, (4) the molecular transmittance for

the path P1 and for the total path (52 + PV), and (5) the aerosol transmit-

tance for the path PV and the total path (OP + F).

The inclusion of the statistical submodel of the Natural Cloud Model

complicates the modeling. Now, for each Point C there is a distribution of

radiance values corresponding to the 159 sets of three-layer cloud configura-

tions. Details are given in Section 6.

The principal routine in the Upwelling Natural Radiation Model is

Subroutine UPWELL; it is lengthly, with 20 pages cf FORTRAN. In Section 6 we

present formulas for the geometry involved, the radiance computed, a detailed

summary of the calculational steps, and a detailed summary of the input and

output variables.

In Section 6 we also provide detailed sunmarieý, of the input rnd

output variables for all the auxiliary routines which are called by Subroutine
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UPWELL but which are not so documented elsewhere. These routines include a

number prepared by SAI and three important ones (Subroutines TRNSCO, ATMRAD,

and TRANS) prepared by G.E. Tempo.

In Section 7 we provide general coding information for the NBR

Module, including that required for the stand-alone version. We identify all
of the (66 non-DSA) routines in the NBR Module and provide a chart showing

their calling-structure relationships. For each of these routines we also

state (1) the function it performs, (2) its originator, (3) the location of a

listing of the routine, and (for 27 routines) (4) the n'imber of the table in

this volume which states in detail the inputs and outputs of the routine. For

common blocks we provide (1) a matrix showing routines and the 35 common

blocks appearing in them and (2) either definitions of all the variables in

the common block and where the variablec are set or a specific reference where

the definitions are given.

The NBR Module in its stand-alone version is driven by Program DRVUPW

(11 pages of FORTRAN). For this program we describe in Section 7 the calcula-

tional steps required in both the initialization and operation phases. During

the initialization, calls are made to QINITL (for the DSA routines), ATMOSU
(for the ambient atmosphere depending on time and location), CLOUDO (for cloud

properties), TRANSB (for molecular band-model parameters for transmittance),
and SHELLS (for atmospheric grid). During operation, calls are made to SETALT

(to determine the altitudes (depending on wavelengths of interest) at which
Subroutine UPWELL is to compute the upwelling natural background radiation)

and UPWELL. Our development of Subroutine SETALT is described. Summaries of

input and output variables are provided for Subroutine SETALT and the G.E.

Tempo routines TRANSB and SHELLS.

Finally, in Section 7, we provide some comments on the integration Gf

the NBR Module into ROSCOE-IR, including some of the differences between the

stand-alone version and that in ROSCOE-IR. In particular, we summarize the

inputs and outputs of Subroutine UPWELT, prepared by GRC, to select the appro-

priate wavenumber interval and to interpolate in altitude the upwelling

natural radiation array.
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In Seccion 8 we provide a listing of those (37) routines in the NBR
Module which are not listed elsewhere (at least not as we are using them).
These include 19 SAI routines, 17 G.E. Tempo routines, and 1 Visilyne, Inc.

routine.
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SECTION 2

EARTH SURFACE CHARACTERIZATION: GENERAL AND NON-WATER SURFACES

2-1 INTRODUCTION AND SUMAARY

2-1.1 Requirements for the M-odel

The characterization of the Earth's surface is required for input to

the Earth Surface Radiance Model (23b) and the Upwelling 'latural Radiation

Model (23c) via Model 23b. For the Earth Surface Radiance r1odel, Model 23a is

required to provide the reflectance, euittance, and temperature of the Earth's

surface at the point (P) where the optical line-of-sight intersects the

Earth's surface, including directional effects as necessary. For the Upwel-

ling Natural Radiation Model, Model 23a is required to provide the average

characteristics (i.e., reflectance, enittance, and tempera+ure) of that por-

tion of the Earth's surface that could be viewed from an altitude of interest.

2-1.2 Approach

The reflectance and emittance properties of the Earth's surface are

controlled mainly by composition and to a lesser extent by surface roughness.

Since the composition and roughness of the Earth's surface can vary markedly

from point to point, so can its optical properties. A useful summary of the

reflectance data for the Earth's surface features was prepared by Bartman ini

his thesis [Ba-67b]; this summary has been reproduced by Kondratyev [Ko-72d]

and is shown here as Table 2-1. This table is of general interest for us even

though Bartman and Kondratc'ev were mainly interested in the Earths total

albedo for solar radiation and hence emohasized the visible spectral region.

It has been agreed to represent the Earth's surface in a relatively

simple way, yet one which provides a range of reflectance, emittance, and

temperature values. The general procedure is to provide for six cateýjries of

the Earth's surface: water, snow, sand, soil, foliage, and urban material.
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Table 2-1. Summary of reflectance data for the Earth's surface features.

(Reproduced from Ko-72d; originally prepared by Bartman [Ba-67b..)

Sonis and ro..ks I Ilacrcasss.! to m nicron .Bci~scattering And ksssrd 5-.
"- Dercring abu', mtcrons - s4ttcrinn " ,-stare dccre'ass re'ltzunce
1 Ntoiturc Jccrcascs ret•etance -•. S4 has aret or'•ard bt 5-to'.

scatte'ng - PSmooth i;cshase higher
3. Loam has small fosatrd rcieciance

scaitering 41. Diurnal sari41ion. mnn.aurra

T•CI.tcZ:.ncc for small .n an•les

Vegetation I. Small (beloa 0.5 micron I. Backscaltering I 5-25'
2- A small masimum bump at Smati ror-ari scattering 2 Diurnai cffec•s. vasximum re-

0-5 to 0 55 mnicron icciance ýor -,I[all 4,-m
* 3. ChlorophNll absorpton at 3. Marked annal ajriat!on

0 6d micron

4. Sharp increase at '.7 micron
'5. Dacrerse .iboc'e micron,

6. Depends on gruimg stason

Water basins I . MIaXiMUM At 0 5-62 micron I , Large back and foiward I . Smell ref'lectance
-. Dwecn,,$ on turbidity And scattering . Divr'-aI 'aration matmum

jas s for small sun anles
. Depends on tuiateiý and

* Sno atrt ice I . Decreas.s slihtl. itt- I. Diffuse component plus I Variable •-5-l',

aticreasing sase-lengi.n mirror componenit _' 14l. in Antarctic:
Z. Large sarbtizty decrnding on . Mirror .omponent increuses 3 -4a. l*kR Sea i:e

puriv," ýetncss, plnsscAi con- sobh increasing angle of in- 4 h0- ir'. ' tie Sca ýcc

Juicincidenice

For each category the reflectance and emittance have been chosen to be repre-

sentative of the average value for that category. The chosen values are based

3n those we have been able to find in the literature so far; one should re-

main alert to possibly finding improved values. There is no automatic correla-

tion between geographic position and surface category. However, the user

could, in princiole, place different surfaces as he desires in a given scene

when he wants to address surface boundary problems, but the necessary coding

has not been implemented. Fur test and possibly other purposes, we also pro-

vide for a Lambertian surface with a user-defined value of the diffuse reflec-

tance.

A review of the literature has convinced the writer that m-'st materi-

als have a strong non-diffuse character. To take iccount of the non-diffuse-

ness, we postulate a general expression for the bidirectional reflectance-
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distribution function (frequently referred to as ,DF) with several parameters

that are evaluated on the basis of whatever exrerienent3l data are available.

(The reader unfamiliar with the quantity we call the BRDF - which has many

aliases, including partial reflectance or reflectance-distribution function -

may want to refer to the discussions by Wolfe [Wo-65a, pp. 23-281 or oy Nico-

demus [Ni-65c, Ni-70d, Ni-76].)

Having determined the BRDF for a material, one can then integrate the

BRDF over a hemisphere to obtain the directional-hemispherical reflectance

(whiich is equal to the heispherical-d-';ectional reflectance) and thus obtain

the directional emissivity for the material by applying Kirchhoff's law [Ni-

70d!.

2-1.3 The Bidirectional Reflectance-Distribution ;-unction (5R.DF)

We follow the recommnendation of Nicodemus [Ni-70d] and use the symbol

ito represent the 3RDF, which has the units of sr-. The general form we pro-

pose for the BRDF is

f -f [m, O(M), ; m > 2i m r r "r

mm -" Pom(•)~ 1 + .rn12. exp(-cim[(cos i +(cos A

+ Et - sr (1)

where

Yn q-0 rRM (¶j) - M (2)

For the Lanibertian surface (),the BRDF is a constant, given by

Sr 0 oh
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with

R1(0) = R1(') = 0 . (2')

In Equation (1), the symbols have the following ieanings.

m - Index for category of surface material.

D(m) - Additional descriptor available for the rnth m~aterial, if needed.

For brevity, we will frequently suppress D(m, as an explicit

argument.

ý - Wavelength (um).

C - Zenith angle of sun at intersection point (P).

r - Zenith angle of detector at intersection point (P).

- Azimuth angle (at intersection point (P)) of vertical plane

through line-of-sight, measured relative to the solar principal

plane (i.e., vertical plane through the source ray). Values of

zero and w for ý correspond to forward and backward scattering,

respectively.

There are six parameters - W (i), Rm(O), RM(-), am' ;M' and "

characterizing a material, according to our Equation (I). Note that all of

the spectral dependence of the reflectance is contained in the parameter

om(x), which has no directional dependence; i.e., we assume that the spectral

and directional properties are separable. The parameters R. (0) and RM(K),

together with am and -,,n control the forward and backward reflection in the

principal plane; the parameter a controls the scattering away fron the Princi-

pal plane.

In addition to the separability of the spectral and directional nro-

perties, our expression for the BRDF has two other important properties. The

more important of these is that Equation (1) satisfies the ielimholtz recioroc-

ity theorem §Ni-65c] accerding to which fr must be invariant to an interchange

of the incident and reflected rays. lhe third principal property of Equation

(1) is that fr is integrable over a henisphere provided 1 . equals I or 2.

4hereas we have imposed this restriction in the dete-mination of the other
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parameters, we recognize in retrospect that this requirement could probably he

relaxed for practical applications in wihich the quality of the fits to experi-

mental data might be improved if -, had other values. We do not claim unique--

ness for Equation (1), but it is the only expressior, of its kind of which we

are aware. Further thought - with more trials and errors - may lead to a

Detter expression.

Finally, we mention an odd property of our BRDF which is not of much

practical consequence but which may be a small wonderment. This property ;s

that, for 9i = 0 r = 0 (i.e., normal incidence and reflection), fr as given by

Equation (1) is multivalued in that it depends on the value of 40. Of course,

physically we expect a single value. Our practical solution to this problem,

for C.i = r = 0, is simply to define fr to be the value obtained by averaging

fr(O,0,*) over P, i.e.,

f = r = <fr(O, , )> . (3)

From the integrations oresented in Section 2-4 we show that

<f r(0,0,0> m [1+e mR Pi(a mBm)] (3a)

where

m = [R i(0) + Rm (n)]/2 (4a)

4I

SP(a) -dxeax 1l-e a (4b)

0

2-1.. The Directional-Hemisoherical Reflectance

The spc--tral, directional-hemispherical reflectance, denoted here by

p (x; .,2'), is defined [wi-65c, Wo-65a] by the integral

23
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Pm(•;i'2r) = f~r cos er dar (5)

where

dPr = sin or d*r dor (5a)

In Section 2-4 we show that the result of the integration, when Equation (1)

is used for f r' is

p(x;oi,2?r) = 'P() G(aomYm;ei), 8 m> 2 (6)

with

G(U 'Bin9',m, ;0i) = 1 + 2 P (fmBm) P2 ( m(y)RmFy( am,ei) (7)

P2 1 (a) = dxxe- ax -Ll - e -(a+,), (8)
-' a

0

P22(a) 1 2 211-e 8

P2(a) J dxxe-ax 1 - e"'a) (9)

F (a,6) = exp[-a(cos e) (10)

For a Lambertian surface (mw1),

o 1 x oi, 2 y) = iTOol() (6')

If the spectral directional-h~Pmispherical reflectance. oj(X;Oi,2n).
. III I

for a material is known from experiment for at least one value of ei and if

the five directional parameters am, Bm, YmI Rm(0), and Rm(w) are known, then
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our spectral parameter Pom(x) in Equation (1) can be determined from Equation

(6) evaluated at the given 0i. In practice, the directional-hemispherical

reflectance is frequently measured for a direction at or near normal inci-
dence. In this case, for at least the materials we have examined, the quan-

tity G(am,'mYm;6i=O) - which is a measure of the departure of the BRDF from a

constant, as it would be for a diffuse reflector - differs from unity by only

a few percent (9.5% in one case). Thus, in practice, it would be a good ap-

proximation to simply evaluate POMx) by the relation

Pom Pm(x;i0,2i);

however, for self-consistency, to get Pom(X) we have used Equation (6) evalu-

ated at 0i=0 with Om (x;i=O,2w) given by (meager) experimental data, i.e., we

have used

0 m (X;8 i=0,2n)

Fom( = G m m >U2 (")Lm i

2-1.5 The Directional Emissivity

The directional eMissivity, Ed' for material m, at a zenith angle 9,

is [Ni-65c, Ni-7Od]

S (m'XO) Z l"P (x;e2r)I (12)d d m

where the directional-hemispherical reflectance Pm (x;e,2,) is given by Equa-

tion (5) in general and by Equation (6) when our fr (Equation (1)) is used in
Equation (5). For a Lambertian surface (mi1),

E d(I,),e) = 1-p1(x;e,2w) = 1-10ol(x) . (12')

For urban mit rial (m=7), see Section 2-3.5.2 for the special form, appropriate

for urban geoi'Pt,'y.
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2-1.6 Summary of Parameters for the BROF

A perusal of the literature, including the putative extensive HASA

data base [LE-71a, LE-72c], has so far revealed very few photometric data of
the type desired, i.e., bidirectional spectral reflectance data in the 2- to 5-

um region. The data available typically are broad-band mnd usually include
the visible region. Bidirectionality is usually lost in that the data are

usually for hemispherical-directional or hemispherical-hemispherical condi-
tions. Where there are spectral data of interest, the directional data are

lacking; similarly, where there are directional data, the spectral region or
resolution is wrong. Where the data are taken under field conditions, not

only the sun but the sky radiance is mixed in.

Despite these difficulties, however, we have boldly arrived at the
values for the parameters, recorded in Tables 2-2a and 2-3. The details of
the derivation of these parameters are given in Sections 2-2 and 2-3.

In Table 2-2b, we present the azimuthal dependence of fr for e.i = r
= 0, as well as <fr(OO,0>,

2-1.7 Surface Temperature

The remaining required specification, surface temperature, may be

chosen to be equal to the ambient air temperature at the Earth's surface.
This assumption is reasonably correct for all cases at night, and for water,

snow, and foliaged surfaces during the day. This assumption leads to signifi-
cantly low surface temperatures for other surfaces (barren soil. sand, and

urban materials) during periods of solar illumination. However, because of
the complexity of modeling this phenomenon, and the fact that the natural

Earth surface radiance is only a baseline for nuclear effects, use of the
ambient air temperature as the surface temperature is currently recommended;

however, consideration should be given later (if resources permit) to devel-
oping a better prescription for the surface temperature.
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Table 2-2a. Spectral and directional parameters for characterization
of the BRDF for Earth surface materials.*

Spectral Uirectional

Material m D(m) P om(W) )n l ' m R m(O) Rm () Rm

Lambertian 1 a D(1)/ U 0
Water 2 b f - - -

Snow 3 c g 3 U.9 1 13 3 b
Sana 4 d h 3 0.5 1 2.5 4 3.25
Soil 5 d i 2.5 0.5 2 1 4 2.5
Vegetation 6 d j 2.5 0.5 2 1 10 5.5
Urban Materials 7 e k 4 U.5 2 10.5 1 5.75

Directional (continued)

Material m P 1(mL ) P 2m(0 F (ampu) M IY•• m ')
I M 2 Mm m

Lambertian 1 - - 1.00
Water 2 - - -

Snow 3 .345 .0890 .0498 1.024
Sand 4 .518 .0890 .U498 1.015
Soil 5 .571 .184 .0821 1.043
Vegetation 6 .571 .184 .0U21 1.095
Urban Materials 7 .432 .123 .0183 1.011

*Footnotes are on the following page.
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Footnotes for Table 2-2a.

D(1) is the diffuse reflectance (oI = wool) for a Lambertian surface. A
typical value is 0.1.

b D(2) is the wind speed, 0_< D(2), m/sec.

c 0(3) is the snow-age parameter, 0 < D(3) < 1. Values of zero and one corre-

spond to new and old snow, respectively.

d Not used.

e D(7) is the degree-of-urbanization factor, 0 <_D(7) < 1. A value of zero
for 0(7) provides a spectral-dependent BRDF corresponding to a flat surface
with directional reflectance properties equal to the average for concrete
and asphalt. A value of bne for D(7) provides a spectral-dependent BROF
corresponding to a diffuse reflector but modified by a shadow factor
S(eiser) A= (cos 9i + cos or)1 2 .

I See Section 3 for treatment of water.

g Evaluated from Equation (6") with 03 given in Table 2-3 by a formula with
dependence on the snow-age parameter, D(3).

h Evaluated from Equation (6'') with P4 , given in Table 2-3, being the average
value for natural gypsum sand [Ho-66, Figure 10] and Russian sand [Kropotkin
(1964) per Ba-67b, Figure 82].

Evaluated from Equation (6'') with P5, given in Table 2-3, being the average
value for topsoil [RH-73, p. 15-20], Pawnee Grassland soil (Ho-66, Figure
9], and Russian soil [Kropotkin (1964) per Ba-67b, Figure 82].

jEvaluated from Equation (6'') with 06, given in Table 2-3, based on data
provided by D.C. Anding, said to be an average of many values in LE-71a for
2.0 < (um) < 2.5 and estimated for 2.5 <X(um) < 5.

Evaluated from Equation (6'') with p 7 , given in Table 2-3, being the average
value for Russian asphalt, asphaltic material [Wo-65a, Figure 4-23], Russian
(red) brick, and Russian concrete. Russian data are given by Kropotkin
(1964) per Ba-67b, Figure 82.
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Table 2-2b. <fr(0,O,0,> and azimuthal dependence of f (0,O,*).

S001fr(O,0,0) Po-Ifr(O,O,W/2) 0-1f r(00,,) Po-l<f r (0,O>

3 1.032 1.0013 1.0074 1.0068
4 1.0062 1.0018 1.0099 1.0042
5 1.0067 1.0048 1.027 1.0096
6 1.0067 1.011 1.067 1.021
7 1.0035 1.00026 1.00034 1.00083

Table 2-3. Normal-incidence--lemispherical reflectance for Earth
surface materials.

Snow

03 = [0.44 - 0.12 (x-2)] [1-(5/12) D(3)]

Soil Sand

05 X'Lm 5 X,um 04 X,um P4

2.00 0.262 3.15 0.067 2.00 0.205 2.95 0.040
2.08 .272 3.50 .112 2.05 .238 3.20 .070
2.25 .257 3.70 .158 2.18 .209 3.30 .093
2.50 .227 3.82 .177 2.30 .206 3.60 .145
2.62 .198 4.10 .195 2.45 .177 3.75 .162

.,70 .095 4.60 .158 2.50 .174 3.90 A52
2.77 .067 4.77 .142 2.63 .148 4.35 .076
2.92 0.061 5.00 0.113 2.73 .114 4.90 .031

2.88 0.080 5.00 0.035

Vegetation

Xrn 06 X,urm 06

2.00 0.129 3.16 0.033
2.20 .212 3.22 .033
2.64 .059 3.42 .074
2.78 .059 3.58 .074
2.96 .120 3.95 .037
3.03 0.120 5.00 0.021

(continued)
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Table 2-3. Nonnal-incidence--hemispherical reflectance for Earth
surface materials" (Cont'd).

Urban Material s

S,Um P7 X, I'm 07 Xdm P7

2.0U 0.347 2.7U 0.272 4.00 0.231
2.12 .348 2.85 .145 4.10 .238
2.24 .326 2.89 .118 4.26 .240
2.26 .278 3.00 .090 4.42 .254
?.36 .272 3.10 .091 4.70 .246
2.47 .295 3.24 .100 4.83 .229
2.55 .299 3.62 .149 5.00 0.215
2.63 0.296 3.89 0.193

_In this table, for brevity, we use the notation Pm- Pm (10,27) for the

spectral, nornal-incidence--hemispherical reflectance.

2-2 EVALUATION OF SPECTRAL DATA FOR THE BRUF

2-2.1 Snow

For snow, we have found very limited spectral reflectance data in the

2- to 5-um region, although there are considerable spectral data in the visi-

ble region [Ko-73a, pp. 227-229, 231] and albedo data [Ko-72dj. Kondratyev

[Ko-73a, p.234, Figure 4.12] reports spectral reflectance data for old snow

for x• 2.5 um and for fresh snow for x •< 2.L um; these values are much smaller

than those we have adopted, taken from graphs given by Rose et al . [RA-73,

Figures 37b, 37c] (or WrZ-78, Figure 3-19) and attributed to Russian literature

which we have not yet acquired for verification. The data from RA-73, which

are limited to A < 4.U um, are replotted in Figure 2-1 where they are extrapo-

lated to 5 urn. By using the siopes of the curves in the 3- to 4-um region, we

have very well fitted the two curves by the single equation

0 3 = L0.44- 0.12 (,k - 2)] [1-(5/12) 3(3)] (13)
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1.

.4 WINTER SNOW & ICE

RA-73. F.g. 37b
(WZ-78, Fig. 3--19)
EXTRAPOLATED

.2

RA-73. Fig. 37c
.1 (WZ-78, Fig. 3-19)

EXTRAPOLATED Io -'

2 2.5 3 3.5 4 4.5

Figure 2-1. Spectral diffuse reflectance of winter snow and ice and sumrier jot
(2 to 5Mm).

in which we have introduced the snow-age parameter 183) to which we assign the

value of zero for winter snow and ice and the value of unity for sumer ice.

0< 0(3) � 1.0.
Intermediate curves can be interpolated by using intermediate values of u(3�i,

2-2.2 Sand

Hemispherical--normal-directional spectral reflectance data in the
range 0.5<�(um) _ o are given by Hovis lHo-6&j for pure silica sand, beach

sands (from New Jersey and Florida) which are largely silica, and gypsum sand,
comiion in much of the soil of the western United States, particularly in the

sand of the White Sands National Monument in New ?�exico. For gypsum sand,
JIOVi 5 LIII)-OOj SO�5 ceflectance data for sa:�ples of both its n�itur�l state dnd



partially dehydrated state. Spectral data for (Russian) sand, not otherwise

identified, are given by Kropotkin [(0964), per Ba-67b, Figure 82]. The data

from Kropotkin are reproduced as Figure 2-2. The results of digitizing the

Hovis curve (Ho-66, Figure 10] for the natural-state gypsum sand and those

for the Russian sand are given in Table 2-4; these data are plotted in Figure

2-3. The results of averaging the digitized data for the natural gypsum sand

and the Russian sand are given in Table 2-3 and plotted as the dashed curve in

Figure 2-3.

40

30
' - - -- '

R 4---20--

40

30- -/

20R%) - 5 1' [ /

.5 I 0,

Figure 2-2. Spect.ral reflectance for (1) sand, (2) soil, (3) asphalt, (4) brick, and (5) concrete
(after Kropotkin ut al., per Ea-67b. Figure 82).
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Table 2-4. Spectral reflectance of sand, 04'

Natural Gypsum Sand a Russian Sand b

X, 0mP4 x , I. -P4

2.00 0.0? 2.00 0.34
2.05 .14 2.25 .325
2.18 .09 2.50 .30
2. .095 2.65 .25
2.45 .05 2.78 .20
2.63 .04 2.88 .15
2.73 .01 2.95 .06
2.87 .01 3.10 .10
2.95 .02 3.30 .15
3.20 .015 3.60 .20
3.75 .12 3.90 .21
4.35 .015 4.00 .20
4.80 .015 4.90 .04
5.00 0.03 5.00 0.04

aHovis [Ho-66, Figure 10]. bKropotkin (1964) [Ba-67b, F~gure 821.

.4

.2

2 2.5 3 3.5 4 4.5 5

Figure 2-3. Spectral reflec"ace for sand, P4- Dashed curve is average of (A) natural
gypsum sand IHovis, Ho-riS, Figure 10) and fB) Russian sand (Kropotkin
(1964) per Bartman LBa-67b, Figure 82]).
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2-2.3 Soil

Hovis [Ho-66. Figure 9] presents the hemispherical--noi•ial-direc-

tional refltctance of soil from the Pawnee Grassland area in Colorado. The

results of digitizing the Hovis curve are given in Table 2-5 and plotted in

Figure Z-4.

RH-73 (p. 15-2U, Figure 1U) presents the non..al emittance of topsoil.

The results of digitizing this curve and computing the normal reflectance are

given in Table 2-5 and plotted in Figure 2-4.

Spectral data for (Russian) soil, not otherwise identified, are given

by Kropotkin L(1964) per B6a-67b, Figure 821, reproduced here as Figure 2-2.

The results of digitizing the Kropotkin curve are given in Table 2-5 and plot-

ted in Figure 2 4.

The results of averaging the digitized data for the Pawnee Grassland

soil [Ho-66j, the topsoil reported in RH-73, and the Russian soil [Ba-67bi are

given in Table 2-3 and plotted in Figure 2-4.

2-2.4 Vegetation

The following spectral reflectance data for vegetation were provided

by D.C. Andirj who says:

"VYalues of spectral di ffuse reflectance of vegetation repre-

sentina the averages for many types cf y tto.n h-•

taiied. The data were taken from LE-71a for x < 2.5 um for

which the typ'ical measurement procedure was to illuminate at

normal incidence an(! collEzt hemispherical output. Values

beyond 2.5 um were estiuiated."
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Table 2-5. Spectral reflectance of soil, 05.

Pawnee Grassland Soila Topsoilb

2.00 0.36 2.00 0.725 0.275
2.08 .395 2.5U .766 .234
2.62 .27 2.61 .800 .200
2.70 .045 2.77 .950 .050
3.15 .045 2.92 .050 .050
3.70 .22 3.15 .920 .080
4.10 .25 3.50 .910 .090
5.00 0.09 3.82 .810 .190

4.15 .790 .210
aHovis [Ho-66, Fig. 9] 4.77 .825 .175

5.00 0.860 0.140

bRH-73, p. 15-20, Fig. 10.

Russian Soilc

2.00 0.150
2.25 .160
2.50 .150
2.70 .125
2.85 .090

i 3.25 .075
4.10 .130
4.60 .130
5.00 0.110

CKropotkin (1964) [Ba-67b, Fig. 32]

For x < 2.5 urn, the data are the same as those given in Figure 37e of

Ri-73 (or Figure 3-19 of Wz-78); at lonrer wavelengths tne curve in Figure 37e
of RA-73 differs somewhat from the estimated data provided by Andiog. The

results of digitizing Anding's curve are given in Table 2-3 and plotted in

Figure 2-5. Whereas we will use the curve in Figure 2-5, one should be alert

for more specific data.
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Figure 2-4. Spectral reflectance for soil, P5 . Dash-dot curve is average of (A) Pawnee
Grassland soil (Ho-66, Figure 91, (8) Topsoil [RH-73, p. 15-20.
Figure 10]. and (C) Russian soil [Kropotkin (1964) per Ba--67b, Figure 82).
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Figure 2-5. Spectral reflectance for vegetation, p6.
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2-2.5 Urban Materials

Wolfe [Wo-65a, Figure 4-23] reports the spectral re'lectance of

asphaltic road material. The results of digitizing this curve are given in

able 2-6 and plotted in Figure 2-6.

Spectral reflectance data for (Russian) asphalt, brick, and concrete

are given by Kropotkin [(1964) per Ba-67b, Figure 67b], reproduced here as
Figure 2-2. The result of digitizing these curves are given in Table 2-6 and

plotted in Figure 2-6.

The results of averaging the digitized data for the asphaltic road
material [Wo-65a] and the Russian asphalt, brick, and concrete are given in
Table 2-3 and plotted in Figure 2-6.

2-3 EVALUATION OF DIRECTIONAL DATA FOR THE BRDF

2-3.1 Snow

Salomonson and Marlatt [SM-68, SM-68a] have measured spectrally inte-
grated values (0.55 to 0.85 pm and 0.2 to 4.0 um) 5f the BRDF's for clouds,
sao.' and white gypsum sand. The ordinate in their Cartesian plots is actu-
ally 1 times the BRDF. The relative values of the ordinates on the cur'ves for
the 0.2- to 4 .0-urn spectral interval have been digitized and they are given in

Table 2-7.

The expression we have evaluated as the relative BROF for snow is the

ratio given by Equation (14),

f r(ei,e r,)
Fr(O i;'r,) - i•'r 1 r=O, (14)

where fr(Oi', 9r,) is given by Equation (1), with the five directional para-
meters (013, ý3 a3' R3 (a), and R3 (H)) as given in Table 2-2a for m=3. We have
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Table 2-6. Spectral reflectance of seme urban materials, P7.

Asphnltic Road Material a Asphaltb

Xum 07 ,.Um 07

2.00 0.462 2.00 0.100
2.12 .480 2.50 .090
2.24 .411 3.00 .025
2.26 .226 4.00 .075
2.36 .226 4.60 .075
2.47 .346 5.00 0.060
2.63 .436
2.70 .436
2.89 .100
3.00 .074 Brickb
3.15 .077
3.24 .042 X, m P7
3.38 .042
3.62 .068 2.00 0.525
"3.89 .160 2.30 .500
4.00 .279 2.50 .480
4.26 .331 2.65 .465
4.42 .419 3.00 .220
4.62 .439 3.10 .220
4.70 .467 3.50 .350
4.83 .457 4.00 .450
5.00 0.476 4.10 .450

4.60 .350
5.00 0.200

Concreteb

P.,um 07 X ,Pm 07  X,um P7

2.00 0.300 2.65 0.200 4.30 0.140
2.20 .300 2.85 .040 4.60 .140
2.40 .275 3.10 .040 5.00 0.125
2.55 0.250 3.60 0.100

SaWolfe [Wo-65a, Figure 4-23, p. 83]
SKropotkin [(1964), Ba-67b, Figure 82]

38



.6

.5 A

.4

__. .. \ // N
/ s\ / \

.2

-Ii --- ' -
" " *5= ', .- - .-.- .--- - - - -,---..-

I I I I

2 2.5 3 3.5 4 4.5 5

X, Pm

Figure 2-6. Spectral reflectance for urban materials, P7 . Dash-dot curve is average of
(A) Asphaltic road material [Wo-65a, Figure 4-23, p. 831, (B) Asphalt
IKropotkin (1964) per Ba-67b. Figure 821, (C) Brick [Kropotkin (1964)
per Ba-67b, Figure 82], and (D) Concrete [Kropotkin (1964) per Ba--67b,
Figure 82].

39



plotted the results for the forward (*=0) and backward (s=t) directions as the

set of continuous curves in Figure 2-7, with the lowest, middle, and highest

portions corresponding to solar zenith angles (ai) of 64, 68, and 84 deg. The

experimental values of SM-68 are also shown in Figure 2-7 for comparison.

Table 2.7. Relative directional reflectance of snow for solar zenith
angles of ai =a64, 68, 84 deg, in the spectral range of
0.2 to 4.0 pm.

Solar Azimuth Zenith Angle of
Zenith Angle Reflected Ray, 0.I

6 . 0 0 45 60 75

64 0 1.00 1.26 1.52 1.97
180 1.03 1.12 1.19

68 0 1.21 1.48 2.36
180 1.21 1.31 1.48

84 0 1.63 2.26 4.11
180 1.01 1.34 1.94

avalues inferred from Figures 16, 8, and 15 of Salomonson and Marlatt [SM-68].

2-3.2 Sand

Salomonson and Marlatt [SM-68] have also obtained results for white

gypsum sand. The relative values of the ordinates on their curves for the

0.2- to 4 .0-um spectral interval have been digitized; they are given in Table

2-8.

The expression we have evaluated as the relative BRDF for sand is the

ratio given by Equation (14) with the five directional parameters as given in

Table 2-2a for nm4. We have plotted the results for the forward (4=0) and

backward (*=w) directions as the set of continuous curves in Figure 2-8, with

the lowest, middle, and highest portions corresponding to solar zenith angles

(8(ai) of 21, 48, and 59 deg. The experimental values of SM-68 are also shown

in Figure 2-8 for comparison.
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Figure 2-7. Relative BRDF for snow-
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Table 2-8. Relative directional reflectance of gypsum sand for solar
zenith angles sf ei 21, 48, 59 deg, in the spectral range
0.2 to 4.0 urm.

Solar Azimuth Zenith Angle of
Zenith Angle Angle Reflected Ray, Or

8. ' 0 45 60 75

21 0 1.00 0.95 0.95 0.85
180 1.04 1.04 0.95

48 0 1.00 1.02 1.04
180 1.13 1.19 1.19

59 0 1.01 1.10 1.11
180 1.11 1.22 1.28

59 0 1.04 1.07 1.38
180 1.10 1.20 1.40

a Values inferred from Figures 17, 18, 9, and 19 of Salomonson and Marlatt

[SM-68].

2-3.3 Soil

Coulson LCo-66a, Figure 4] plots the directional reflectance of black

loam soil at three angles of incidence (0, 53, and 78.5 deg) in the principal
C

plane for x=6430 A. Coulson notes that the backward rmiaximum is relatively

more pronounced at all three angles than it is for desert sand, and the for-

ward maximum is almost absent at the small angles of incidence.

Duntley, Gordan, et al. [DG-64] measured the directional luminous

reflectance of dirt (hard packed, yellowish). Their data are reproduced here

in Table 2-9a. We have normalized these data to the nadir value and tabulated

the results in Table 2-9b.

The expression we have evaluated as the relative BRDF for soil (dirt)

is the ratio given by Equation (14) with the five directional parameters as

given in Table 2-2a for in=5. We have plotted the results for the forward

(gD), backward (4=-), and sideward (1i=r/2) directions as the set of con-

tinuous curves in Figure 2-9. The experimental values of OG-64 are also shown

in Figure 2-9 for comparison.
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Figure 2-8. Relative BRDF for gypsum sand.
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Table 2-9a. Directional luimdnoui reflectance of dirt for solar zenith
angles o1i - 54 deg.

Sol ar Azimuth Zenith Angle of
Zenith Angle Angle Reflected Ray, Or

. 4 0 15 30 45 60 75 80

53.2 0 0.243 0.230 0.229 0.239 0.252 0.300 0.330
56.5 90 0.243 0.258 0.260 0.276 0.300 0.304
51.1 180 0.272 0.313 0.370 0.422 0.432 0.434

aDuntley, Gordan et al. [DG-64, Table 3.2]; Item 8 = herd-packed, yellowish

dirt.

Table 2-9b. Relative directional lumin 2 us reflectance of dirt for solar
zenith angles ai ; 54 deg.

Solar Azimuth Zenith Angle of

Zenith Angle Angle Reflected Ray, 0r

ei 0 15 30 45 60 75 80

53.2 0 1.00 0.95 0.94 0.98 1.04 1.23 1.36
56.5 90 1.00 1.06 1.07 1.14 1.23 1.25
51.1 180 1.12 1.29 1.52 1.74 1.78 1.79

aDerived from Table 2-9a.

2-3.4 Vegetation

For green grass, Coulson [Co-66a] has measured the directional reflec-

tance at four different wavelengths in the visible and near-IR spectral ý-eg-a

ions and at three different angles of incidence at X=6430 A, all measurements

being in the principal plane.

Duntley, Gordan et al. IDG-64, Table 3.21 have measured the direc-

tional luminous reflectance of several types of vegkt tation. For each type of
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Figure 2-9. Relative BRDF for dirt.
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vegetation we have normalized their data to the nadir value for the correspond-
ing type of vegetation and presented the results in Table 2-10. The last set

of numbers in Table 2-10 represents an average of the data for the first four

types of vegetation.

The expression we have evaluated as the relative BRDF for vegetation
is the ratio given by Equation (14) with the five directional parameters as
given in Table 2-2a for m=6. We have plotted the results for the forward
(4*=0), backward (O=w), and bideward (*=w/2) directions as the set of continu-

ous curves in Figure 2-10. The average cf the experimental vegetation values,

given in Table 2-10, are also shown in Figure 2-10 for comparison.

2-3.5 Urban Materials

2-3.5.1 Concrete and Asphalt

'Wolfe [Wo-65a, pp. 88,89] presents directional reflectivity curves

for concrete and for asphalt. In fact, results are given for three types of
detectors: PbSe, PbS, and thernistor. We have selected the re3ults for the

PbSe detector as being of the greatest interest for applications in the 2- to

5-pm region, as seen by examining the detector characteristic curves presented
by Wolfe [Wo-65a: PbSe, pp. 477-479; PbS, pp. 474-476; thermistor, p. 498].
We have digitized the directional reflectivity curves presented by Wolfe [Wo-

65a] for the PbSe detector and taken account of the fact that the "directional
refl octivity' rir given in these figures is related to the partial reflectance

(•hich we here call the BRDF, fr [Ni-70d, Ni-65c]) by the expression

rir r f pr( i, r ;O,n) Cos ei cos ar . (15)

We have given both the directly-read values rir and converted values fr in
Tables 2-h1a and 2-11b. For each source zenith angle ei we have normalized

these values of the BRDF to an average of the near-nadir values and tabulated
the results in Table 2-11c.
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Table 2-10. Relative directional luminous reflectance of several types of

vegetation.

(1) Pine Trees; small, uniformly spaced. Data are for unresolved terrain.

Solar Azimuth Zenith Angle of Reflected Ray, Or

Zenith, ei 0 15 30 45 60 75 80 85

41.5 0 1.00 0.72 0.64 0.64 0.78 1.14 1.39 2.58
46 .67 .61 .58 .63 .91 1.16 1.65
90 .95 .93 .95 .95 1.01 1.16 1.39

135 1.01 1.15 1.18 1.16 1.32 1.39 1.72
180 1.21 1.33 1.74 1.92 2.14 2.28 2.48

(2) Grass; thick, rather long, pale green, dormant, dryish, little ground
showing.

Solar Azimuth Zenith Angle of Reflected Ray, er

Zenith, e i 0 15 30 45 60 75 80 85

41.5 0 1.00 0.92 0.86 0.87 1.00 1.07 1.09 1.07
180 1.11 1.35 1.66 1.70 1.74 1.74 1.82

(3) Grass; lush green. closely mowed thick lawn.

Solar Azimuth Zenith Angle of Reflected Ray, 0r

Zenith, e. • 0 15 30 45 60 75 80

40.4 0 1.00 0.96 0.09 1.08 1.20 1.49 1.68
39.6 90 1.03 1.10 1.21 1.38 1.59 1.68
39.6 135 1.07 1.25 1.48 1.66 1.78 1.78
39.9 180 1.09 1.09 1.19 1.22 1.25 1.25

(continued)
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Table 2-10. Relative directional luminous reflectance of several types of
vegetation (Cont'd).

(4) Mixed Green Forest; deciduous (oak) and evergeen (pine).

Solar Azimuth Zenith Angle of Reflected Ray, Bat

Zenith, e i 0 15 30 45 60 75

39.0 0 1.00 u.90 0.81 0.57 0.57 0.95
37.0 180 1.14 1.37 1.37 2.28 7.30

(5) Pine Forest.

Solar Azimuth Zenith Angle of Reflected Ray, 6r

Zenith, Bi. 0 15 30 45 60 75

33.5 0 1.00 1.00 0.80 0.64 0.64 0.52

(6) Average of First Four Types.

Solar Azimuth Zenith Angle of Reflected Ray, 8r

Zenith, eia 0 15 30 45 60 75 80 85

-40 0 1.00 0.88 0.82 0.79 0.89 1.16 1.39 1.82
90 0.99 1.01 1.08 1.16 1.30 1.42

18U 1.14 1.28 1.49 1.78 3.11 1.76

aFrom DG-64, Table 3.2

The expression we have evaluated as the relative BWDF for concrete

and for asphalt is the ritio given by Equation (14) with the parameters for

concrete being -y7 , 2, a7a = 4, 87a - 0.5, Ria(O) 8, and R7b(•) I and for

asphalt being Y7b = 2, a7b = , 87b = 0.5 R7b(O) = 13, and R7 b(!l = 1. We

have olotted the results for the forward (t=0) and backward (v=1) directions

in Figure 2-11a and 2-11b. The experimentdi values reported in Wo-65a are

also shown in Figures 2-!!a and 2-1Ib for comparison. For an average of con
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Table 2-11a. Directional reflectance data for concrete,.a

r, frsr" 1
r~s

Sr e Q i=20 6i4 0 ei=60 - : a? U .%=40 e =60

O 80 0.027 0.030 0.030 0.032 0.16 0.18 0.23 0.37
0 7U .039 .040 .045 .055 .11 .12 .17 .32
0 60 .053 .053 .053 .064 .11 .11 .14 .26
0 50 .078 .075 .074 .061 ,Il .12 .15 .19
0 40 .086 .08! .075 .057 .11 .11 .13 .15
0 30 .10 .094 .092 .058 .12 .12 .14 .13
0 20 .10 .11 .090 .053 .11 .12 .13 .11
0 t0 .11 .12 .088 .059 .11 .13 .12 12?

0 .11 .089 .064 .12 .12 .13

180 10 .10 .10 .084 .055 .10 .11 .11 .11
180 20 .10 .077 .049 .11 .11 .10
180 30 .10 .094 .073 .046 .12 .12 .11 .11
180 40 .087 .065 .049 .11 .090 .13
180 50 .073 .063 .053 .032 .i1 .i0 .11 .10
180 60 .061 .040 .050 .12 .05 13
180 70 .037 ,040 .030 .11 .12 .11
180 80 .027 .17

av a luCs of r. read from Wo-65a, p. 88, Figure 4-28, PbSe d'ztector. Values of

Tr computed from fr = rir/(cos •i COS or).

crete and asphalt we propose the five directional parameters as given in Table

2-2a for m=7.

2-3.5.2 Urban Geometry Parameters

Because an urban area has an exceedingly complex geometrical struc-

ture, we introduce (1) a (conjectured) shadow-factor, S(6i,e r) , given by

SS(ýi' r ) z (cos 6.i cos a ) /2 (I0

(which may take on values in the range from 0 to 1 as .. and e r range from

Maximum Values Of 90 to miniiaum values of . r 0), and (2) a1aiu le ofr• 1 -r

1,

1I

- 4



a
Table 2-11b. Directional reflectance data for asphalt.

r r' sr-
ir r,

' r i=0 ei=20 ei=40 el=60 ei:O = i=20 ei=40 ai:60

0 75 0.0093 0.015 0.047 0.12
0 70 0.0057 0.021 .014 .022 0.017 0.065 .053 .13
0 60 .025 .027 .U20 .020 .050 .057 .052 .080
0 50 .025 .025 .020 .022 .039 .043 .041 .068
0 40 .025 .029 *023 .036 .032 .040 .039 .094
0 30 .028 .019 .027 .017 .032 .023 .041 .039
0 20 .020 .025 .031 .013 .021 .028 .043 .028
0 i0 .026 .023 .022 .018 .026 .025 .029 .037

0 .024 .022 .017 .025 .029 .034

180 10 .026 .022 .022 .011 .026 .024 .029 .022
180 20 .020 .018 .014 .021 .025 .030
180 30 .028 .014 .015 .014 .032 .017 .023 .032
180 40 .025 .026 .0±1 .032 .036 .037
180 50 .025 .025 .016 .012 .039 .041 .032 .037
180 60 .025 .013 .0069 .052 .028 .018
180 70 .0066 .013 .0053 .019 .050 .031
180 80 .0036 .041

avalues of r read from Wo-65a, p. 89, Figure 4-29, PbSe detector. Values of

fr computedlfrom fr = rir/(cosai cos 'r).

degree-of-urbanization factor, D(7), with the rango O< D(7) < 1. The BRDF for
an urban area will be defined as

fr (m 7 )7, D(7) P (X) S(Oi6r + [1-0(7)j given by Eq. (1)]. (17)i r : 7o7 (° ,r)

Thus, for D(7) 1 1, the spectral BRDF corresponds to a diffuse reflector modi-
fied by the shadow factor S(Oi,or). For D(7)=0, the spectral BRDF corresponds

to a flat surface with average directional-r ,tance properties of concrete
ana asphalt.

The directional-hemispherical reflectance defined by Equation (5),

w~th fr given by Equation (17), is

51



Table 2-11c. Relative bidirectional reflectance distribution functions
for concrete and asphalt.

Concrete Asphalt
Ser ei:=0 ai20 ei=40 e.=60 er ei=0 e0i20 ei=40 ei=60

0 80 1.45 1.50 1.92 3.25 75 1.62 3.97
0 70 1.00 1.00 1.42 2.81 70 0.72 2.60 1.83 4.30
0 60 1.00 0.92 1.17 2.28 60 2.13 2.28 1.79 2.65
0 50 1.09 1.00 1.25 1.67 50 1.66 1.72 1.41 2.25
0 40 1.00 0.92 1.08 1.32 40 1.36 1.60 1.34 3.11
0 30 1.09 1.00 1.17 1.14 30 1.36 0.92 1.41 1.29
0 20 1.00 1.00 1.08 0.96 20 0.89 1.12 1.48 0.93
0 I0 1.00 1.08 1.00 1.05 10 1.11 1.00 1.00 1.22

0 1.00 1.00 1.14 0 1.00 1.00 1.13

180 10 0.91 0.92 0.92 0.96 10 1.11 0.96 1.00 0.73
180 20 1.00 0.92 0.88 20 0.89 0.86 0.99
180 30 1.09 1.00 0.92 0.96 30 1.36 0.68 0.79 1.06
180 40 1.00 0.75 1.14 40 1.36 1.44 1.22
180 50 1.00 0.83 0.92 0.88 50 1.66 1.64 1.10 1.22
180 60 1.09 0.71 1.08 60 2.21 1.12 0.62
180 70 1.00 1.00 0.92 70 0.81 1.72 1.03
180 80 1.42 80 1.36

aDerived from data in Tables 2 -11a and 2-11b.

l < < 7 [;Oi,2i; 0(7)]>0 ( 7) = fr cos ar dor<P7>~~~ =5(7D fr.
( D 7) o 7(xf S(Oiar) cos or dfr

+ [1-0(I] Jf[fr given by Eq. (1)] Cos Or dor

- 07)p 1O er dor

<07> o07) p 27(x) j (cos Bi + Cos Or) Cos 8r dr

+ [1-0(7)] wp0 7(X) G(Q7 ,B7 ,T7 ;ei)

<07> i07) (x) cos i + • [1-0(7)] PT(J;6i,21). (18)
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Figure 2-11a. Relative BRDF for concrete.
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Asphalt

5 Eq. (1)

Data from Wo-65a
as presented in Table 2-11c
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Figure 2-11b. Relative BRDF for asphalt.
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The directional emissivity (for m=7, at a zenith angle e) defined by

Equation (12) with P,(x;e,2w) given by <07> (in which oi is replaced by e) is

Edi(m:7J =_ <Ed[m:7,X,9;D(7)1>D( 7 )

= 1 - <P7>(12'')

E(nr-7) 1 - P (A7O) D(7M s.2 + + ixe2rt.0()j (19)

Thus, as expected, for D(7) = 1, the directional emissivity corresponds to

that for a diffuse reflector modified by the shadow-factor quantity (which

ranges from 1/3 for 8=90' to 5/6 for 0=0o). For D(7) = 0, the directional

emissivity corresponds to a flat surface with average directional-emissivity
properties of urban materials.

2-4 INTEGRATION OF THE BRDF

The spectral, directional-hemispherical reflectance, denoted here by

o-e rP()i,2) is defined [Ni-6>-, Wo-65a] by the integral

Q(Oi' 21) J fr cos er daro

where fr is the bidirectional reflectance-distribution function (BRDF). We
want to evaluate this integral when fr is given by our invented expression for

the BRDF, given by Equation (1):

frf[m, D(m), X i' r, *] fr(e er,) (20)

f r 0 o[i + Fy(ei) er(u) r (u )

with

F (.) F (a,e = exp[-L (cos e.i2 (21a)• i '1-*y 1i1
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a exp[-cuf] (2 1b)

cos 'r (21c)

YW = R(W) exp[-uB(1-j1-2i/wj)] (21d)

R = = R(O) - AR•w/ (2le)

AR = R(O) - R(w) . (21f)

For symnetry about the principal plane, we can write Equation (51) as

1 .1

VOi,2,) = 2po fdo, fdi u [I + exp(-avlJv(l)F y(ei1 (22a)

0 0

iT

= 2pLj+ F (Oi) f v(t)P2 (a)] (22b)
a 22

where

1

P2 1•) f d1h4 exp(-nuy) (23)

0

1

21 - 1 -cx(~~ 2a

P221 1-e( ) 1 =S (23b)

For the -,-integral, w have
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0

vt/2

f d@ exp(-2czs~/i)R(4p) + f d* exp[L-2os(w-'i/w]R('W (24)

o 4/2

w/2 w/2

=R(O)f Cul eXp(-2a8*/ir) -- R- d*l *4 exp(-2aa*/ir)

0 0

+ R (O) f di' exp[-2u8(w-i')/nl - 2-4 d*'i exp[-2ciB(w-4)/ir]

w/2 r 12 (24a)

=R(O) PjjuBa) - AR (w - (24b)

+ (O)0 ps)P -A l P(aB) P- a)

= yrR P I(aLB) (24c)

where

P (a13) = Fdy exp(-cioy) [1I-expi -aB)) (25a)

0

= 1R(O) + R01)]/2 (25Sb)

After collecting terms, we have
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0(8.,2r1) nToo 0 1 + 2 PI(aB) P 2 Y( a)R F y•Ca,6l. (26)

To compute <fr(0,0,.)>, we write

<fr(0,,)> Po [1 + F (0) ar (1) V(0>3] (27)

= o0 [i + exp(-2c') <,(t)>] (27a)

with

<c1)> f d, Y(P) R PICB) . (27b)

0

2-5 SUBROUTINE ESURF

Subroutine ESURF provides the bidirectional reflectance-distribution

function (BRDF), directional emissivity, and temperature of the Earth's sur-
face at the intersection point of the optical line-of-sight. Since the sur-

face category is not automatically correlated with the geographic position,
the user must select one of seven categories provided.

The relationship between Subroutine E3URF and the routines it calls
is shown in Figure 2-12. Table 2-12 summarizes the inputs and outputs for

Subroutine ESURF.
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Table 2-12. Input and output variables for Subroutine ESURF

INPUT VARIABLES

Argument List

THI - Zenith angle of sun at intersection point (P) on Earth's
surface. (radians)

THR - Zenith angle of line-of-siht (from detector) at inter-
section point (P) on Earth s surface. (radians)

PSI - Azimuth angle (at intersection point (P)) of vertical plane
through line-of-sight, measured relative to the solar prin-
cipal plane (i.e., vertical plane through solar ray). A
value of zero for PSI corresponds to forward scattering.
(radians)

ZKM - Altitude of surface. (kin)

MSM - Index M for category of surface material.
=1, Lambertian diffuse surface with spectrally-independent

reflectance set by DD(1) and emissivity by [1 - DD(l)].
=2, Water.
=3, Snow.
=4, Sand.
=5, Soil.
=6, Foliage.
=7, Urban material.

DD(M) Additional descriptor for selected surface material.

DD(1) = Diffuse reflectance for Lambertian surface.
Typical value is 0.1.

oD(2) = Wind speed. (meters/sec)

DD(3) = Snow-age parameter, between the limiting values of
0 and 1 for new and old snow, respectively.

DD(m4) for M= 4, 5, 6 not used.

(continued)

60



Table 2-12. Input and output variables for Subroutine ESURF (Cont'd).

DO(7) = Degree-of-urbanization between 0 and 1, for which
limits the spectral BRDF corresponds, respec-
tively, to (a) a flat surface with average direc-
tional-reflectance properties of concrete and
asphalt and (b) a diffuse reflector multiplied by
a shadow factor S(THI,THR)dcos THI + cos THRI/2.

SPCULR - Logical variable.

= .TRUJE., Compute coordinates of specular reflection point
on an assumed smooth horizontal water surface, if MSM =
2, in which case the variable is passed to Subroutine
GLITTR.

= .FALSE., Do not compute such coordinates.

ZLAN - Wavelength. (urm)

IDAY - Index for diurnal condition at Point P.

= 0, Solar zenith angle > 90 deg.

= 1, Solar zenith angle < 90 deg.

IFIRES - Flag for inclusion of fireballs as sources. In NBR Module,
WhIRPS = 0 always.

= 0, No fireball is to be considered.

> 0, Fireballs are to be considered.

ESURFI - Logical variable.

= .TRUE., If ESURF is called for the first time from
Subroutine SURRAD and both EPSD and TKS are wanted in
addition to SFR as outputs. In NBR Module, ESURFI =

.TRUE. always.

=.FALSE., If ESURF is not being called for the first time
from Subroutine SURRAD and a recomputation of EPSD and
TKS is not needed. This possibility occurs only if

Subroutine SURRAD is used as a utility routine with fire-
balls as sources.

(continued)
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Table 2-12. Input and output variables for Subroutine ESURF (Cont'd).

ATHOUP Common

TT - Ambient atmospheric temperature at altitude LKM. (deg K)

OUTPUT VARIABLES

Argumnent List

SFR - Bidirectional reflectance-distribution function.

= fr[M, DD(M), ZLAM; THI, THR, PSI]. (i/sr)

EPSD - Directional emissivity

= I - Pm(ZLAM; THR, 2w). (dimensionless)

UKS - Surface temperature. (deg K)

POSITh Common

(This output obtains only if MS4=2 and SPCULR=.TRUE.)

SPCLAT, - North l3titude and east longitude of the point on an
SPCLON assumed smooth horizontal surface for a specular

reflection from the sun to the detector at Point V.
(radians)
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SECTION 3

EARTH SURFACE CHARACTERIZATION: WATER SURFACE

3-1 RADIANCE FROM A '"'4U-RUFFLED WATER SURFACE

3-1.1 Basic Cox-Munk Formula

The Cox-Munk formula [CM-54, Equation (9)] may be rewritten as

L L N = E 4 1 (1)
Cr 44 cos u cos S

where L is the spectral radiance of the sea surface in the line-of-sight, p(w)

is the Fresnel specular reflectance of water for- radiation of wavelength X at

angle of incidence w, i is the zenith angle of the detector, s is the slope

(or tilt) of the water facet required to give a specular reflection to the

detector, E (called H in CM-54) is the solar spectral irradiance (normal to

the solar path) at the sea surface, and p(s) is the probability for the occur-

rence of slope B.

Stegelmann and Garvey [SG-73b] derive an equation for the radiance

which differs from Equation (1). The ratio of the radiance predicted by Ste-

gelmann and Garvey to that predicted by Cox and Munk is

I 3G Cos a iCos (2)
LCM cos

where ai is the solar zenith angle. Stegelmann and Garvey seem to imply that

Equation (1) is incorrect owing to an incorrect coordinate transformation. 'We

have not checked all of the work in detail, so we don't know what the discre-

pancies are due to. Since the Cox-Munk formula is widely used in the litera-
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ture, we will continue to use it until the cause of the alleged error is iden-

tified more explicitly.

3-1.2 Slope Distribution Function

Cox and Munk rCCM-54] show that to a first order the slopes are nor-

mally distributed and independent of wind direction, according to

p =ý12 exp[-(z j + Z}, )1a2] (3a)

where

a ms, slope regardless of direction

a = azimuth of the direction of steepest ascent, measured clock-

wise from the sun

z.x az/ax = sin a tan a (4a)

SZy az/y = cos a tan 8 (4b)

so that

p- exp(- tarn2 B). (3b)
ToI

3-1.3 Relation Between Slope Variance and Wind Speed

3-1.3.1 Cox-Munk Relation (regardless of direction)

Cox and Munk CCM-54, CM-56] computed the mean square slope compo-

nents, for crosswind (aC 2) and up/downwind ( u2), from their glitter photo-
graphs. For simplicity we shall use only their results for the mean square

slope, + au2 regardless of wind direction, for a clean surface (as

opposed to an oil-slick surface, e.g.)'

2 2 +
02 2 * = (3 + 5.14 W) - 10-3 _ 0.004. (5)
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This result is based on measurements for wind speeds from about 0.8 to about
14 m/sec [CM-561.

Since one might expect a to vanish as W vanishes, we have plotte, the

velocity-dependent portion of Equation (5),

00 = (0.00512 W)1 /2  
(5a)

as the dash-dot line in Figure 3-1. We also represent Equation (5) in Figure

3-1 by plotting

= (002 + 0.003)1/2 (5b)

as the solid line and

0+ = (02 +_ 0.004)1/2 (5c)

as the dashed lines.

3-1.3.2 Some Useful W',d-Related Conversion Factors

Relations between knots, meters per second, and miles per hour are:

1 knot = 0.5144 m/sec = 1.151 mph.

Relations between sea-states, Beaufort numbers, and wind velocity are shown in

Figure 3-2 (adapted from Wu-69a).

There is a significant altitude variation of wind which must be kept

in mind while reading the sun-glitter l 4 terature.

Duntley [Du-541, in relating his measurelents of the distribution of

water wave slopes (on a lake) to those of Cox and Munk [CM-54] (in the open
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Figure 3-2. Relations between sea-states, Beaufort numbers, and wind
speed (from Wu-69a).

sea), speaks of the "customary 2-to-i ratio between wind speeds measured at 41

feet (12.5 meters) above the mean water level (as for CM-54) and 8 inches

lOu-54] above the wave crests."

Cox [Co-58] relates his laboratory measurements to those of Cox and

Munk [CM-54]. Cox states:

"Measurements of wind speed in the tank represent average

speed throughout the air channel; it may be estimated that the

level at which this speed is reached in the boundary layer

next to the water is 4 to 8 cm above mean water level. Hence,

oceanic measurements of wind speeds made at a height of 12.5 m

must be reduced by a large and uncertain correction factor

before a useful comparison can be made. I assume the factor

is

r~6.0)/ 1.25 x 10 4
1In [T18T = 2.2;

this assumes (1) a logarithmic velocity profile near the

water in both tank and ocean, (2) an effective height of wind
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observation in the tank of 6 cm, and (3) a roughness length
in both the tank and ocean of 0.1 cm."

3-1.3.3 Limitations on the Cox-Munk Relation

Strong and Ruff [SR-70a] state: "Recent results from Wu [-. Atmos.

Sci. 26, 408 (1969)] show a sea-roughness saturation for winds above 15 m/sec,
which means one cannot rely on a changing slope distribution at higher wind
speeds,"

Time does not permit further review of the relation between slope

variance and wind speed; some additional relevant references include those by
Wu [Wu-69a, Wu-70, Wu-71, Wu-72a, Wu-77] arid Cox [Co-741.

3-2 REFLECTION GEOMETRY FOR A SPHERICAL EARTH

Cox and Munk assumed a flat Earth in deriving their reflection geo-
metry. We want to consider a spherical Earth. Fortunately. Levanon [Le-71b]
has derived the necessary equations for viewing the reflections from a synchro-

nous satellite. We have not yet verified the equations in detail; so far, we
have only determined, by examining Levanon's simplified formulas, that an Last
longitude relative to the detector is positive and a north latitude is
positive. Levanon assumed his satellite was on the equator and at zero-degree

longitude. Accordingly, we have modified some of his definitions so as to
allow for an arbitary position of the detector. We reproduce these (slightly
modified) definitions and formulas from Levanon's Section 2 [Le-71b]. Anyone
studying these equations should consult his Figure 2 which illustrates the

reflecticn geometry.

Levanon has considered the following geometrical question: Given the
longitude and latitude of the sun and detector subpoints, and of the point of
reflection, what is the tilt magnitude and direction and the angle of inci-

dence, at that point of reflection?
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The following notation is adopted:

0 - the center of the Earth

S - the sun subpoiret

V - the detector

P - the point of reflection
i - an index taking values s, p, I,

Qi a point defined by the sea surface and a vector parallel to
i and starting at 0

- north latitude of i (or of Qi)
- east longitude of i (or of Qi) relative to that of V

r - radius of Earth
h d - altitude of detector

h - altitude of P (if a lake, e.g.)÷p
S- vector between the detector and the point of reflection

n - the normal required for reflection from P
- the northward tilt at P

* - the eastward tilt at P
B - the magnitude of the total tilt at P

- the angle of incidence

For convenience we introduce

Sd -- (r + h p)/(h +

For Point V

I -E tdcOs 0p sin op4

t an [T d cos O S j (Li)

6 L tan-[ d sin 6 0 1121(
[(1-2 Cd COS c C C0 co2 eC )j
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For Point Q.:

* Cts r , sin o + Cos 9 sin f40
On - tan- cos Cos 01 + cos es cosi s (L3)

F- tan sin eO + sin e
.- -rSj(L4)

L T os 2 + COs es + 2 cos e. cos Os cos (4 -. s] -

At the point of relection the tilt toward the east is given by

o = n- *p (LS)

and the tilt toward the north by

n -P (L6)

Since * and a are orthogonal, the total tilt magnitude is

B = tan- 1 [tan2 6 + tan2 */112 (L7)

and the angle of incidence is

-1 -I[ 2 ta2 1s]/2

= tan [t (an - os) + (n- * (L8)

In Table 3-I we have summarized the input and output quantities.
based on Levanon's equations.

3-3 REFLECTANCE AND EMISSIVITY

3-3.1 The Bidirectional Reflectance-Distribution Function (BRDF)

The BRDF is defined as

:m 0



Table 3-1. Input and output quantities for reflectiun
viewed from a detector.

Input Quantities (per Levanon)

Object East Longitude North Latitude

Sun subpoint (S) Os 6s_

Detector subpoint W) Ov O ev =
Reflection point (P) p 6Vp

Intermediate Output Quantities

Quantity Symbol Le-71b Eq. No.

Longitude of Q C1
Latitude of Q£ t6 2

Longitude of Qn O 3
Latitude of Qn nn 4

Eastward tilt at P (9)b.
Northward tilt at P 0 6 (10)

Final Output Quantities

Quantity Symbol Le-71 Eq. No.

Tilt magnitude at P B 7 (11)b
Angle of incidence at P W 8 (12)

avalues relative to detector subpoint V'.

bFor small-angle approximation, which we do not use.
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fr = L/(E cos e.) (6

where L is the radiance along the reflected ray and E cos 6i is the irradiance

on the (horizontal) sea surface. By using the Cox-Muunk formula, Equation (1),

for L/E, we have

f (uw) p(B) (7)fr ="T_
Cos U CsOSCB Cos i

(It is not obvious that Equation (7) satisfies the reciprocity law, since B

and w have a very complicated dependence on the coordinates.)

3-3.2 The Directional-Hemispherical Reflectance

The directional-hemispherical reflectance, denoted here by p(x;Oi,

2:), is defined by the integral

P(x;ei,2w) = ffr cos 6r dar (8)

with fr given by Equation (7); it is understood that

Owing to the complexity of the dependence of u and B on 6r, we assume it is

impossible to perform an analytic integration indica'ed in Equation (8).

For now, we shall not pursue further the topic of directional-hemis-

pherical reflectance for a wind-ruffled sea. We were interested in it mainly

as a self-consistent way to get the directional emissivity, but we shall con-

tent ouselves with an approximate treatment as next described.
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3-3.3 The Directional Emissivity

Since we are unable to perform an analytic integration of the BRDF to

get the directional-hemispherical reflectance for a wind-ruffled sea, we shall
ignore the wind and compute the directional emissivity from the expression

(sometimes referred to as Kirchhoff's law)

I Ed(e) = -1 (6) (10)

where p(O) is the Fresnel specular reflectance next discussed in Section 3-3.4.

We note that Hall [Ha-64b] used Equation (10) for each of the planes
of polarization of the radiation in computing the polarized emissivity of

(flat and calm) water. We expect that Equation (10) will provide reasonable
answers even for a wind-ruffled ,ea except for large zenith angles. Perhaps

one can later make an improvement for such large zenith angles. Papers by
Saunders [Sa-67a, Sa-68c] may be helpful.

3-3.4 Fresnel Reflectance of Water

3-3.4.1 Introduction

The factor p(w) in the Cox-Munk formula, Equation (1), is the Fresnel

specular reflectance of water for unpolarized radiation incident on a plane
surface at angle of incidence w. The Solar Radiation Model (23e), described

in Section 4, provides E, (at the top of the atmosphere). Here, we present

the Fresnel equations necessary to compute o(w) and necessary data for the

complex index of refraction for an air-water interface.

3-3.4.2 Formulas

We need the formula for the reflectance P(M) of a plane electro-

magnetic wave incident at an angle ei . on a plane, absorbing surface

(water). For an unpolarized wave, and a complex index of refraction N,
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N n-ik, (11)

where n is the index of refraction, k is the extinction coefficient, and i =
/-I, the monochromatic specular reflectance is given [Me-60a, p. 4 22; AH-66;

SC-66a, p.631] by the expression

P) = rs c + d 2  (c + 2ad+d2 (2

+

where

rs = (c - 2a~e + e2)2(c + 2a+e + e2 (13a)

c = a+2 + a 2  
(13b)

d = sin w tan w (13c)

e = cos W (13d)

24_2_ 2 2 2 2112 + ( 2_c2_ 2 1c
2 a r.(n 2 -k -sin + 4n k (n -ksin A (13e)

At normal incidence,

(0) (n-i)2 + k 214)

(n+i) i k

We chose the Fresnel formulas as given by Equations (12) and (13)

because (1) the form is the simplest we have seen and (2) three different
references agree on the formulas. (Note that Me-60a uses ,zn(1-ik) instead of

N = n-ik.) Relatively simple, but different formulas are given by Friedmian

[Fr-69b] but the two obvious misprints leaves one uricomfortable without verify-
ming the overall f-c-mulas. Hall [Ha-54b] also gives the Fresnel formulas but
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their form is again different and more complicated than that we have chosen.

Other references include Condon and Odishaw [CO-58, 6-8, 6-113,-114], Stratton

(St-41], and Born and Wolf (BW-75a]. Boudreau [Bo-73b] gives the Fresnel

formulas in a form attributed to Stratton [St-413.

3-3.4.3 Complex Index of Refraction of Water

The most recent values of optical constants for (pure) water in the

infrared are those given by Downing and Williams [DW-75] who tabulate n(v) ano

k(v), the real and imaginary parts of the complex index N = n + ik, in the

range from x=2 pm to x = I mm. In the 2- to S-um range of interest to us, 221

sets of data are given for wavenumbers v=2000(1O)4000(5O)5000, entered as data

statements in Subroutine FRESNL.

We also note that very recently Querry et al. [QH-77] determined the

complex refractive index in the infrared for samples of surface water from

five widely separate locations: San Francisco Bay, the Pacific Ocean, the

Atlantic Ocean, the Great Salt Lake (Utah), and the Dead Sea (Israel). The

variations will be ignored for the purposes of ROSCOE-IR.

3-4 SLOPE-SHADOWOING FACTOR

Cox and Munk [CM-55, p. 70; CM-56, a. 470], in computing the albedo

of direct sunlight from a rough surface, take account of the fact that large

negative slopes in the component zy (where the y-azis is horizontally away

from the sun) are shadowed if they exceed cot ail with ei the solar zenith

angle. Cox and Munk include this effect by setting the limits to be (-cot .i)

and (+=) for zy (but t- for z.). Thus, while Cox and Munk include the effect

in their albedo calculation, they do not mention the effect with respect to

the slope distribution function p(s) appearing in Equation (1).

Gordan [Go-69b] presents a formula, derived by K. B. MacAdam, for the

fraction of the light from a source at zenith angle e. which reaches a given

point on the sea surface without having first intersected the water surface at

some other point. However, in presenting his formula, Gordan [Go-64b, p.?U]
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fails to note that the derivation is based on a one-dimensional distribution
(instead of an isotropic, two-dimensional distribution as we would like).

Also, Gordan tGo-69b] does not address the question of shadowing effects on
the reflected ray.

Saunders [Sa-67a, Sa-68c) has derived an approximate, slope-shadowing

factor, S'11, to account for the fact that, as one views near the horizon, the
slopes on the back sides of the waves and deep in the troughs are hidden. For

two-dimensional roughness, the factor S* is stated BSa-67a, p. 4643; Sa-68c]
to be

S*e)=2 ill + erf(v) + 2 eV7 }1=ia
S*Or e (5a

where v, given by

Va- tan 6~ 0,.) ciCot 8 r (15b)

r r,

is the ratio of the inclination of the line-of-sight to the root-mean-square

slope (regardless of direction) and i ar is the zenith angle of the reflected
ray. Presumably n *(O6 ) refers to only the reflected ray not escaping in one

pass.

To permit a "bistatic" dependence on the zenith angles of both the

incmoming and outgoing rays, we propose using as the shadow factor

S(e i,.) r= 6 S(er))( (16)

with

S(e) = 2 (1 + erf(v) + 1 e-v2  (17a)
Vi76
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V os cot e (17b)

a= (5.12 x 10 W)/ (17c)

For numerical reasons, we need to consider some limiting cases:

(a) If the wind speed W 0, we set S(ei,o ) = 1.0.

(b) If a < v2= tan- (0.5 as-l), we set S() 1.0. The introduc-

tion of the angle 0v2 results from the observation that the

shadowing factor is essentially unity for v ? 2. Thus, there is

no need to compute the shadowing factor unless 0 exceeds the

angle (av2) for which v=2, for a given wind speed.
-3

(c) If (0.5w-b) < 1.745x103 , set e to 89.9 deg, an arbitrarily

selected value. We do this to avoid possible division by zero

or near- ro.

3-5 SPECIAL CASES

3-5.1 Location of Specular Point for Quiet Surface (no wind) on Spherical

Earth, Given Locations of Source and Detector

Since we want to consider cases where the Earth-central angle between

rays to the sun and the detector is not necessarily small, we cannot use the

"lens" equation for a spherical convex mirror (and the concomitant paraxial

rays) to aid in determining the reflection point but must resort to an itera-

tive solution.

3.5.1.1 Algebraic Equations for Specular Point

Assume we are given the positions (i.e., the longitudes and latitudes

of the subpoints) of the detector and sun, as depicted in Figure 3-3 (Points

V' and S', respectively). The total central angle between the rays OV and QS,

•, is given by
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In the '/OS plane, in which tne reflection point, R, must Vie, con-

sider the plane triangles OMV and ORS, depicted in Figure 3-4. The sum of the

two central angles, i and must equal t, i.e.,
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Figure 3-~4. Plane qeo'Cetry for deter mini1ng specular poInt



t a ÷ a,• (19)

and for each triangle, we have

+ + 'Y(20a)

a . + B s + y (20b)

Thus, from Equations (20a) and 20b), we have

av + Rv = 1s + )s (

Now,

r ; r + h = r cos av + sv cos v (22a)

r r + hS r .os a + s cos 6 (22b)

and

s r
v = r _ v (2.3a)

sin sin B - y

, S5 r

sin a sin B sin xs s

(In the code, r is the Earth radius plus the altitude assigned to the Ooint

P.) By eliminating s. between Equations (22a) and (23a) and ss between Eiua-

tions (22h) and (230, we get
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sin a
r =r cos •v+r --i V os (24a)V

rn = rcosna + r- cos B (24b)
sins

r -I r v- cos av + + si Co /ts 8 (24b)

mms r

or

- Gs C + sin -/tanv v r [ (24c)

C tas + sin a /tan (?4d)

or

-1 -
Bv = tan Icsin aV (i-Cv Gas ci) I (24e,
B s = a 1 [cs si n a S (i - COS CL . (24f)

Thus we have four equations ((19), (21), (24e), and (24f)) which need to be

solved for the four unknowns (a.', Cs. B., and 6s ).

In presenting the equations for the specular point we have referred

to the sun as the source. Indeed, that is the case within the NBR Module.
However, in the original development of the specular point equations, we

wanted to allow for non-solar sources at arbitrary altitudes, for which olir

specular-point equations are valid.

If one does specialize for a solar source, then one can obtain (with

an appropriate approximation) a pair of equations (or, equivalently, a single

transcendental equation if the user prefers) iistead of the set of fou' equa-

tions. That is, for a solar source, as in Section 5-'.2.1 where we obtain the
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solar zenith angle, we can assume that the solar ray to the reflection point

is essentially parallel to the ray to the subsolar point, an approximation

implying that the angle %s is essentially zero. Thus, in Equation (21), if we
set as equal to zero and eliminate a, by use of Equation (19), we obtain

(av = (a )v1/2 . (249)

Thus we have two equations ((24e) and (24g)) which need to be solved for the
two unknowns (a and av). Of course, one can eliminate between these two

equations if he prefers. An iterative solution of the pair of equations

should be analogous to that described in Section 3-5.1.2, but we have not

implemented such a solution.

3-5.1.2 Iterative Solution of Specular-Point Equations

By using Equations (19), (21), (24e), and (24f), we find tt'e condi-

tion to be satisfied is

- F s sin 1 -1 Fv sin 1v
F(a) -2 + tan =e cos tan Li cos j 0 . (25)

Now,

dF(a -+ - C COS a 2 - c Cos

dci F,(a +- 5 S + 2 v __ v (6)
v I+E - cos C3% Os - 2cv cos a

According to the Newtr,-Raphson method, our iteration formula is

-F(cz (n)) (7
( n+l) ,(n) F( v (n))(7

v v F (v
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It remains to choose a starting value, a(0), to be used in Equation

(27). To do so, we start with Equation (21) and substitute for Bv and Bs

their small-angle approximations from Equations (24e) and (24f). Thus we get

SoE " (cz-a )
S- 

v + S -v 
(28)v I a - v F-C

v S

By solving Equation (28) for a in terms of C, Ev' and vs we get

v . .[ (=I1) + T) a (29)

Our iterative procedure now becomes

(0) _ (0) (30a)•S - V

B(0) = From Equation (24e) (30b)
V

(0)

(0 s From Equation (24f) (3005

F(a ) From Equation (25) (30d)

F'(L,(v) From Equation (26) (30e)

F(.(-,

:(i) ( - V (3jf)
VI I

lv
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We now put z'1) into Equation (30a) and continue the looping overvEquations (30) until we satisfy the condition

(n) + (n) ( (n) + (n) 6 (n) < 2 x 10- (31)•v + v s s -(

3-5.1.3 Angle of Incidence and Reflection

From Figure 3-4 and Equation (20a), we have

=a+ B 232)

with av and Bv given by the iterative solution in Section 3-5.1.2.

3-5.1.4 Geographic Coordinates of Specular Point

Determination of the geographic coordinates of the specular point,

given those for the sun and detector and the central angles a and a., is pro-

vided by Subroutine GCRCLE, discussed in Section 3-6.5.

3.5-2 Radiance and BRDF for Specular Reflection from Smooth Water

To obtain the radiance for specular reflection from a smooth water

surface, one ca., Follow, e.g., the detailed development (given for another

purpose) by Cox and Munk [CM-54] or imnediately write the answer by assuming

--. nservation of radiance for reflection fromt a perfect reflector. For the

latter alteroiative we h.-- for the specular radiance

L = p( v)E/( 2) (33)spec

wh~ere P(w) and E are th%Ž same a!ý in Equation (1) ai~d c is the an~gular radius

of the sun '16.0 minutes).



The BREF corresponding to Equation (33) is defined to be

fr = L spec/E cos ai) (34)

so that

)- = cos 8i) (34a)

3-5.3 A Limiting Form of Basic Cox-Munk Formula

The Cox-Munk basic formula, Equation (1), explicitly including the

formula for the probability for the occurrence of slope 8, is

L = P(w) - E exp(-d-2 tan2 B) (35)
CM 4 cos V co-s B WO2

For a zenith sun and downward-looking detector, the slope is zero and the

zenith angle of the reflected ray equals the angle of incidence, i.e.,

! = = 0

so that

L (B fl (0) E - biSLCM(B -- 7

We note that this radiance is smaller than the specflar value given by Equa-

tion (33) by the ratio

L =0;

I -
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since

2 0-3)2
= (4.65 x (38)

(3 + 5.12W) x 10- 3

The ratio given by Equation (37) will be obtained in another way in Section

3-5.4.

3-5.4 Relation Between Radiances from Smooth- and Rough-ilater Surfaces

Saunders [Sa-67, p. 4116] makes a simple estimate of the radiance
reflected from a rough-water surface compared with that from a smooth-water

surface. He notes that the angular radius of the glitter pattern is approxi-
.mately 2a (as is readily seen from Figure 3-5) and hence the solid angle it

2subtends is d(2o)2, where a is the root-mean-square slope. The solid angle
2subtended by the mirror image of the sun is £according to Saunders] rc , vAere

£ is the angular radius of the sun's disk. (Saunders did not account for the
solid angle of the mirror image of the sun being reduced for an observer at

high altitudes, as explained below.) Saunders then states that if the total
radiant energy reflected from the surface is independent of roughness (an

assumption commented upon below), then the ratio of the intensity in the
glitte- pattern to the intensity in the mirror image is in the inverse ratio

of the solid angles that they subtend, namely, (0/2)2. Note that this ratio
is just the ratio given by Equation (37).

A smooth-water surface on the spherical Earth acts like a coneex

spherical mirror of radius Re, The virtual image of the sun is fonsed at a
depth R e/2 below the surface and the size of the sun's radius in this image is

C Re/ 2 . The area of the virtual image is ,(c Re,2) 2 and the solid angle at
the observer, at an altitude h from the mirror surface, is

(- : f l/2 )2 2 e! ,

2 =(39)
[ .. )2 h %,/2 I

{h + •A



Sun

0 a

2a

Figure 3-5. Geometry for simple estimate of angular radius
of glitter pattern.

W 2 for h ÷ 0 (39a)

- 2 (R for h >> Re/ 2  (39b)

The assumption made above by Saunders - that the total radiant energy

reflected from the surface is independent of the roughness - is adequate for

the order-of-magnitude estimate being made but it is not strictly correct.

Cox and Murk [CM-55, Section 3; CM-56] show that the elbeao of a rough surface

to direct sunlight is slightly larger at high sun angles and substantially

smaller at low sun angles than the albedo of a flat surface.



3-6 SUBROUTINES FOR CHARACTERIZAT104 OF WATER SURFACE

The relationship between the routines characterizing a water surfaca

and Subroutine ESURF (for non-water surface characterization) is shown in

Figure ?-12.

3-6.1 Subroutine GLITTR

Subroutine GLITTR is called frow Subroutine ESURF when the line-of-

sight from the detector (either a fictitious one at Point V in the NBR Module

or, more generally, a real detector which may be in a satellite) intersects a

wind-ruffled water surface prescribed by the user. Subroutine GLITTR provides

(1a) the bidirectional reflectance-distribution function (BRDF) for the wind-

ruffled water surface and (ib) the directional emissivity of a smooth-water

surface as an approximation to that for the wind-ruffled water surface at the

intersection (Point P) of the optical line-of-sight from the detector and, if

requested (by the logical variable SPCULR = .TRUE. in the argument list), (2)

the geographical coordinates of the point on an assumed smooth horizontal

surface (taken to be at the same altitude as Point P) for a specular reflec-

tion of a ray from the source to the detector. Only the directional emis-

sivity at Point P is provided if there is no source.

See Table 3-2 for a summary of inputs and outputs for Subroutine

GLITTR and Figure 3-6 for a chart of information flow within Subroutine ('LITTR.

3-6.2 Function CANGLE

Function CANGLE is called from Subroutines RINOUT and GI ITTý to coi-

pute the Earth-central angle, CANGLE, between two central rays to Points PI

and P2, given the latitudes and longitudes of Points P1 and P2. Application

of the cosine law for a side of the spherical t-iangle PI-N-P? in, Figure 3-7

gives the relation

COS as n/_ il t - ) Lj

2 Cos cos
cos .112 = o -e-.i co 7(-e•]} sin (Tl sin (-) um •.-i



Table 3-2. Input and output variables for Subroutine GLITTR.

INPUT VARIABLES

Argument List

THETI Zenith angle of the source at the intersection point (2) of
the line-of-sight from the detector to the Earth's water
surface. (radians)

WIND Wind speed at 41 feet above sea level. (meters!sec)

SPCULR Logical variable.

= -TRUE., Compute coordinates of specular reflection point
for an assumed smooth surface.

= .FALSE., Do not compute such coordinates.

ZLAM - Wavelength. (om)

IDAY - Index for diurnal conditions at Point P.

= 0, Solar zenith angle >90 deg.
1 , Solar zenith angle <90 deg.

IFIRES - Flag for inclusion of fireballs as sources.

0, No fireball is being considered (always the case in
the NBR Module).

> 0, Fireballs are being considered as sources.

ESURFi - Logical variable.

= .TRti., If Subroutine ESURF is called for the first time
from Subroutine SURRAD and -1PSD is wanted as an
output (always the case in the NBR Module).

.FALSE., If Subroutine ESURF is not being called for the
first time from Subroutine SURRAD and a recom-
putation of EPSD is not needed.

TECTOR Common

DETALT, - Detector (at Point V) altitude, north latitide, and east
DETLAT, longitude. (km, radians, radians)
DETLON

(continued)
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Table 3-2. Input and output variables for Subroutine GLITTR (Cont'd).

DETZE4 - Detector (at Pointt V) zenith angle at Point P. (radians)

POSITN Common

POSALT, - Altitude, north latitude, and east longitude of intersection
POSLAT, on Earth's surface (Point P) of line-of-sight from detector
POISLON (at Point V). (km, radians, radians)

SOURCE Common

SRCALT - Altitude of source, if not the sun. (km)
SRCLAT, - North ldtitude and east longitude of source (sun in tKBR
SRCLON Module, o- fireball, more generally). (radians)
SRCFLG - Flag characterizing source.

= 1, Sun is source (always, in NBR Module).

= 2, Fireball is source (never, in NBR Module).

OUTPUT VAR IABLES

Argument List

SFR - 8oirectional reflectance-distribution function for a wind-
ruffled water surface at Point P. (sr-)

EPSD - Directional enissivity (of a smooth-water surface as an
approximation to that for a wind-ruffled surface) at Point
P toward the detector at Point V. (dimensionless)

POSITN Common

(This output obtains ornly if SPCULR = TRLF_.)

SPCLAT, North latitude and east longitude of the point on an assumed
SPCLON horizontal surface for a specular reflection from the

source to the detector at Point V. (radians)

9Lu



Need not compute SFR if neither sun nor fireball is considered as a source.
Thus, set SFR -- as well as the coordinates of the spacular point - (arbitrarily)
to -1.0.

I <(DA Y = 1) .O0R. (IFIRES •0) .

i 8ý T i;

Formulas for SFR

Wave-facet reflection (Sect. 3-2)-1.0
Slope distribution (Sect. 3-1)
BRDF & Fresnel reflectance (Sect. 3-3)
Slope shadowing factor (Sect. 3-A)
Cox-Munk formula (Sect. 3-1)

. .NOT. SPCULR T ,•

F 707
Formulas for SPCLAT & SPCLON SPCLAT=-0 .

I ~~~~Specular reflection (Sect. 3-5.1)SPLN=-.= = [ I

Formulas for EPSD

Emissivity (Sect. 3-3.3, 3-3.4)

G RETURNi-

Figure 3-6. Information flow within Subroutine GLITTR
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Figure 3--7. Earth geometry used in deriving formulas for Function

CANGLE and Subroutine GCRCLE.

COS a1 = sin eI sin e2÷cs• o e o ,-i

S CANLE = 
212
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-2"-1

cos [sin PILAT sin P2LAT + cos PILAT ces P2LAT cos (P2LON-P1LON).

See Table 3-3 for a summary of inputs and outputs for Function CANGLE.

Table 3-3. Input and output variables for Function CANGLE.

INPUT VARIABLES

Argument List

PILAT, - North latitude and east longitude of Point PI. (radians)
PILON

P2LAT, - North latitude and east longitude of Point P2. (radians)
P2LON

OUTPUT FUNCTION

CANGLE - Earth-central angle between rays to Points PI and P2.
(radians)

3-6.3 Function ERF

Function ERE is the error function, based on the rational -approxi-

mation formula (7.1.2.6) in AS-64.

3-6.4 Subroutine FRESNL

Fresnel specular reflectance of a (smooth) water surface is discussed

in Section 3-3.4. In Subroutine FRESWL, the cotrplex index of refraction of

water as given by Downing and Williams LDW-751 is stored as data and the Fres-

nel reflectance is computed from Equations (12) through (13e) in Section

3-3.4. Table 3-4 sumnarizes the inputs and outputs for Subroutine FRESNL.
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Table 3-4. Input and output variables *r Subroutine FRESNL.

INPUT VARIABLES

Argument List

ZLAH - Wavelength. (urn)

OMEGA - Angle of incidence (with respect to normal to smooth ele-
ment of water surface). (radians)

OUTPUT VARIABLE

Argument List

RHO - Fresnel monochromatic reflectance of plane, unpolarized
electromagnetic wave incident at angle w on plane, ab-
sorbing surface of water with complex index of refraction
N=n-ik obtained from Downing and Williams [DW-75]. (di-
mensionless)

3-6.5 Subroutine GCRCLE

For three points P1 " P2, and P3 on a great circle, Subroutine GCRCLE

computes the latitude and longitude of the intermediate point P2 ' given the

latitudes and longitudes of the end points PI and P3, the central angle a13

between the central rays to PI and P 3 ' and the central angle a12 between the

central rays to P1 and P2.

Application of the cosine law for a side of the spherical triangle

P1 -N-P 3 in Figure 3-7 gives the relation

cos (0-e) = cos a 1 3 cos (-- 0 ) + sin a sin (1-o11 cos A

2 3 13 2 1 13 21

or

sin a. - cos a sin e
COA 13 1

cos x = sin a13 cos oI

1391
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Similarly, for triangle P1 -N-P 2 in Figure 3-7, we have

Cos (1-o2 ) os 12 Cos (-e 1) + sin a12 sin (-9 os) asX

or

sin 02  G COs a12 sin 0, + sin a12 cos Ga Cos k

Application of the sine law to the spherical triangle P1-.qP 2 in Figure 3-1

gives

sin (.2" *J) 2sin

sin a12  sin(2-02 )

or

sin (o-%i) sin a 1 2 sin x/cos a2.

Thus,

2= 01 + (2"1) x S0N. 3-1)

If 1 ' ,2 =1 - (02-I x SIGN(I., 3-i)

If t2 < 0.0, ý2 =2 + 2,

If ý2 > 2r, 02 *2 - 2,

See Table 3-5 for a summary of the inputs and outputs for Subroutine

GCRCLE.
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Table 3-5. Input and output variables for Subroutine GCRCLE.

INPUT VARIABLES

Argument List

PILAT, - North latitude and east longitude of Point P1. (radians)
PILON

P3LAT, - North latitude and east longitude of Point P3. (radians)
P3LON

ALP13 - Earth-central angle between rays to Points PI and P3.
(radians)

ALP12 - Earth-central angle between rays to Point P1 and P 2.
(radians)

OUTPUT VARIABLES

Argument list

P2LAT, - North latitude and east longitude of Point P2 . (radians)
P2LON

; Qfi



SECTION 4

SOLAR RADIATION

4-1 INTRODUCTION

"4-1.1 Requirements for the Model

Solar radiation must be modeled because it is a source of sensor

illumination, and atmospheric and fireball species excitation, through scatter-

ing and/or reflection from the Earth's surface, clouds, aerosols, and dust,

either naturally occurring or caused by the fireball.

4-1.2 Model Function

The Solar Radiation Model (23e) consists of a statement of the solar

spectral irradiance, at the top of the Earth's atmosphere, in the spectral

range from 2 to 5 um (or 5000 to 2000 cm-I

4-2 DATA BASE

As a result of extensive work by NASA related to the design of space

vehicles, an engineering standard for solar irradiance has been adopted by the

American Society o? Testing and Materials (ASTM) [Th-74a, Th-76]. We have

adopted the tabular data presentet' by Thekaekara [Th-74a]. Columns 1 and 2 in

Table 4-1 present data abstracted teom Table I of Th-74a in the spectral range

from 2 to 5 um at 0.1 um intervals. These data are plotted in Figure 4-1 as

the circled points and have been fitted by the following piecewise-continuous

power-law expression:
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Table 4-1. Solar spectral irradiance (2 to 5 umn.

a E b Kxd E E f

W W PercentC 1r']0 photon IC 13 pbaton 10-7 Wi 2 m2 22 - 1 -
um rn uJI m 2m Error cm2 sec um cm2 sec cm cm2 cm-I cm-I

2.0 103 104.62 1.5 10.4 4.15 41.2 5000

2.1 90 90.61 0.7 9.51 4.20 39.7 4762

2.2 79 79.00 U.0 8.75 4.23 38.2 4545

2.3 69 69.30 0.4 7.99 4.23 36.5 4348

2.4 62 61.13 -1.4 7.49 4.31 35.7 4167

2.5 55 54.20 -1.5 6.92 4.33 34.4 4000

2.6 48 48.29 0.6 6.28 4.25 32.4 3846

2.7 43 43.20 0.5 5.34 4.26 31.3 3704

2.8 39 38.81 -0.5 5.50 4.31 30.6 3571

2.9 35 35.00 0.0 5.11 4.30 29.4 3448

3.0 31 29.90 -3.7 4.68 4.21 27.9 3333

3.1 26.0 25.67 -1.3 4.06 3.90 25,0 3226

3.2 22.6 22.15 -2.0 3.64 3.73 23.1 3125

3.3 19.2 19.19 0.0 3.19 3.47 20.9 3030

3.4 16.6 16.71 0.6 2.84 3.28 19.2 2941

3.5 14.6 14.60 0.0 2.57 3.15 17.9 2857

3.6 13.5 13.33 -1.2 2.45 3.17 17.5 2778

3.7 12.3 12.21 -0.7 2.29 3.14 16.8 2703

3.8 11.1 11.21 0.9 2.12 3.07 16.0 2632

3.9 10.3 10.31 0.1 2.02 3.08 15.7 2564

4.0 9.5 9.50 0.0 1.91 3.06 15.2 ?550

(continued)
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Table 4-1. Solar spectral irradiance (2 to 5 urn) (Cont'dlW

[a b Ed e

xx
• W W PercentC 1016 photon 1013 phoLon 10-7 '

PM M2 um M2 r m Error cm2 sec um cm2 sec cm-I cm2 cm-1 cm-I

4.1 8.70 8.58 -1.4 1.80 3.02 14.6 2439

4.2 7.80 7.77 -0.4 1.65 2.91 13.8 2381

4.3 7.10 7.05 -0.7 1.54 2.84 13.1 2326

4.4 6.50 6.42 -1.3 1.44 2.79 12.6 2273

4.5 5.92 5.85 -1.2 1.34 2.72 12.0 2222

4.6 5.35 5.34 -0.1 1.24 2.62 11.3 2174

4.7 4.86 4.89 0.6 1.15 2.54 10.7 2128

4.8 4.47 4.48 0.3 1.08 2.49 10.3 2083

4.9 4.11 4.12 0.2 1.01 2.43 9.87 2041

5.0 3.79 3.79 0.0 0.954 2.18 9.47 2000

aFrom Th-74a, Table I.

bComputed from fit function, Equation (1).

Cpercent error in fit-function values with respect to Column-2 data.

dcomputed from Equation (4) and Column-2 data.

eComputed from Equation (5) and Column-2 data.

f Computed from Equation (6) and Column-2 data.
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E E2.2 (X12.2)a 2.0 < ý < 2.9 (1a)

E2.9(x/2.9)b 2.9 < x < 3.5 (ib)

E (W m-2 m-1)

E3 .5"/3.5)c 3.5 < x < 4.0 (Ic)

kE 4.0(/4.0)d 4.0 < x _< 5.0 ,1d)

where

log E2  - gE 2
a = 2.9 og E 2.2 - 2.94693 (2a)

log 2.9 - log 2.2T-

b log E3.5 log E2.9 4.64938 (2b)
log 3.5 - log 2.9

C = log E4. 0  - log E3 .5 3.1

c L= 4.0 - Iog - 3.21819(2

d_- log E5.0 - log E4 .0

-od l -TOT .0 - log 47 F - 4.11809 (2d)

E2 . 2  : 79 (3a)

E 2.9 = 35 (3b)

- 3.5 = 14.6 (3c)

E4.0 = 9.5 (3d)

E5.0 = 3.79 (3e)
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Evaluation of the fit function gives the values and percentage errors `n

Columns 3 and 4 of Table 4-1, respectively.

By using the conversion relations derived in Section 4-4, we can

convert the units of the spectral irradiance from EJWW/(m 2 ;m)] to E•[photon/

(cm2 sec um)1 by writing

4 photon

E pjhoton W~ x__ (1I c ) X Tsec-,?•cm2 sec Lim mun (102c/h )
2 2 j (0 2

or

E photon 7 5.03404 x 10 (4)
c-r sec wmj K

The product hc is expressed in units of J cm and I in rnm. Similarly, we can

convert from L [W/(mr2 ,m)] to L [photon./(cm2 sec cm- 1 )] by writing

4/ photon
E photox = I (10/hc) 1 sec2 T - I = I"

cm sec oan m Pm (10 cm/m210 I k cm -'im

or

E photo =5.03404 ,1 _ 1I (5)
cm sec cm ,iml

'de can convert from E [W/(m 2 wm)] to E [W/(½m2 c91-1 H by writing

Scm /W In

cmP C XM 7j (X cm/r) 10 cm /III
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or

A W - i1,1.8 Jr 'W(6

2cm Wcm mrn f
92

The quantities E [photon/(cmf sec A], £ (photon/(cmr sec cm 1- , and E [Wi

(cm2 cm-1 ) are given in Columns 5, 6, and 7 of Table 4-1, respectively, and

are plotted in Figures 4-2, 4-3, and 4-4, respectively.

4-3 SUBROUTINE SOL-,A
For Subroutine SOLRAD, see Table 4-2 for a summary 3f the input and

output variables and Figure 4-S for a flow chart.

Table 4-2. Input Ad output variables for Subroutine SOLRAO.

INPUT VARIAB3LES

Argum.ent List

K - Index specifying units for input and output

-¶•4avenumber (cm -I) for K=1,2.3,4

(Wavelength (V.rn for Kz5,6,7,8

OUTPUT VARIABLES

Argument List

Solar spectral irr~aiance at the top of the Earth's atino-
spnere, in units of"

photons cm-2 sec- Icm. N i,5

photons cn.-2 sec-I rm-n K1 2,6

W Cm- K = 3,I

"W- -1 K = 4,S
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and the solid curve to the fit function.
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4-4 SOME CONVERSION RELATIONS

Some useful conversion relations may be derived as follows:

1. Energy photon-1 = hv = hc/x cm =hcw, W sec

where hc is expressed in J cm and w in inverse centimeters. If

we use the values of h and c from Cohen and Taylor [CT-73b,

Table 33.1 on p. 717], we have

hc 6.626176 x 10-27 erg sec x 2.997924 x 1010 cm/sec
107 erg/J

hc - 1.98648 x 10J23 J cm

1/hc = 5.03404 x 1022 j-1 cm-1

Al so,

Energy photon- = 104 hc/x, W sec

where x is in micrometers; thus,

1 Watt= 104 x/hc, photon sec

= 1/hcw, photon sec-1

2. 10 /i4/

Idi/dwi 10 4/W

micron wavenumber-1 = 104/W 2

-= 10-4 A2
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or

wavenumber micron-1 10-4 W2
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SECTION 5

EARTH SURFACE RADIANCE

5-1 INTRODUCTION

The Earth Surface Radiance Model (23b) provides (essentially), at the

Point P where the optical line-of-sight from the detector (which is fictitious
in the NBR Module) at Point V intersects the Earth's surface, the upwelling

spectral radiance directed toward the detector. The model provides two compo-

nents of the radiance: (1) thermal radiation emitted at Point P and (2)

source radiation reflected at Point P. In the NBR Module, the only source is

the sun. Reflected sky radiance is not included.

Strictly, the surface-reflected source radiation is actually provided
in an unattenuated form together with the path parameters (areal density U (cm

at STP) and the product UP (atm cm, with P the pressure)) integrated along the
incoming path from the source. These parameters are required as input to a

complitation of the molecular absorption over the total two-leg path. The

aerosol transmittance along the incoming path from the source to Point P is

also provided.

The principal routine in the Earth Surface Radiance Model is Sub-

routine SURRAD (surface radiance), which makes a number of talls as shown in
Figure 5-1. Subroutine SURRAD is discussed in Section 5-2, Subroutine RINOUT

(ray-in-out) computes the geometry for the reflected ray and is discussed in

Section 5-3. Subroutine ESURF has been discussed in Section 2-S and Sub-

routine SOLRAO in Section 4-3. The rest of the routines used in Model 23b,

most of wiich were obtained fron other organizatiens, are described in Section

5-4.

5-2 SUBROUTINE SURRAD

Table 5-1 summarizes the input and output variables fur Subroutine

SURRAD.
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I ý.,Aou:KI

; -P• , c'
- GEOXYZ

-- STLEPS I

SP, SC

Figure 5--1. Routines called directly from the principal routine (SURRAD) in the Earth Surface

Radiance Model. For subsequent calls, see Figure 7-1.
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Table 5-1. Input and output variables for Subroutine SURRAD.

INPUT VARIABLES

Argument List

IDETEC Flag for nature of detector location.

= 1, If detector is at a satellite position (SATLAT,
SATLON, SATALT) specified in SATELL Common. (This
mode is not used in the NBR Module.)

2, If detector is at a position (DETLAT, DETLON, DETALT)
specified in TECTOR Common. (This latter option is
used when Subroutine SURRAD is called from Subroutine
UPWELL in the NBR Module.)

fIMSM Index for category of surface material (see Table 2-12 for
Subroutine ESURF).

DO - Additional descriptor for selectel surface material (see
Table 2-12 for Subroutine ESURF).

SPCULR - Logical variable.

= .TRUE., Compute coordinates of specular reflection point
on an assumed smooth horizontal water surface.

= .FALSE., Do not compute coordinates of specular
reflection point.

(SPCULR appears in SURRAD only to be passed to Subroutine
ESURF.)

IUP - Altitude-loop index in Subroutine UPWELL.

JUP - Nadir-loop index in Subroutine UPWELL.

KUP - Azimuth-loop index in Subroutine UPWELL.

LUP - Wavenumber-loop index in Subroutine UPWELL.

(Each of the previous four indices should be set to unity
in a call from any routine other than Subroutine UPWELL,
which would be a use outside of the NBR Module.)

ZLAM - Wavelength. (Um)
(continued)
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Table 5-1. Input and output variables for Subroutine SURRAD (Cont'd).

IFIRES Flag for inclusion of fireballs as sources.
= 0, No fireball is to be included (always true in N9R

Module where Subroutine SURRAD is called from Sub-
routine UPWELL).

> 0, Fireballs (IFIRES, in number) are to be included with
position and radiant intensity specified in FIRBAL
Common.

FIRBAL Common (not used in NBR Module)

FBALT(1), - Fireball-I altitude, north latitude, east longitude, and
FBLAT(I), spectral radiant intensity.
FBLON(I), [km, radians, radians, W/(sr cm-1]
FBRINT (I)

POSITN Common

POSALT, - Altitude, north latitude, and east longitude of Point P at
POSLAT, which line-of-sight from (fictitious) detector at Point V
POSLON intersects Earth's surface. (km, radians, radians)
C12ALT, - Altitude, north latitude, and east longitude of Point C at
C12LAT, which line-of-sight (directed toward Point P from fictitious
C12LON detector at Point V) intersects the 12-km altitude surface.

(kin, radians, radians)

SATELL Common (not used in NBR Module)

SATALT, - Satellite-borne detector altitude, north latitude, and east
SATLAT, longitude. (km, radians, radians)
SATLON

SOLARP Common

SOLLAT, - Subsolar-point north latitude and east longitude. (radians)
SOLLON

SOURCE Common

(The variables in this Common are returned from, a call to Subroutine
RINOUT. In the NBR Module, only the sun is used as a source for Sub-
routine SURRAD. Fireballs are never used in the NBR Module where
Subroutine SURRAD is called from Subroutine UPWELL.)

SRCZEN(1) - Zenith angle of solar ray incoming to Point P. (radians)

(continued)
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Table 5-1. Input and output variables for Subroutine SURRAD (Cont'd).

(The following two arrays are not used in the 14BR Module; L=1,IFIRES)

SRCZEN(L+I) - Zenith angle of Fireball-L ray incoming to Point P.
(radians)

SRCSR(L+I) - Slant range from Fireball-L tV roint P. (kin)

TECTOR Common

DETALT, - Altitude, north latitude, and east longitude of fictitious
DETLAT, detector at Point V. (km, radians, radians)
DETLON

UPWELS Common

NWAVEN(M) - Number of wavenumbers at whiich the upwelling spectral
radiance is to be computed for broad-band loop-index
MiJBAND.

IDAYV - Index for diurnal condition at Subpjint V,

= 0, Solar zenith angle > 90 deg.
= 1, Solar zenith angle < 9_ deg.

IKM - Index for number of altitudes at which calculations are
made when clouds are included (set in Subroutine UPWELL).

UPýIELS2 Co~imon

JBAND1 - Same as JBAND in Subroutine UPWAELL. Index for list of
(broad) wavelength bands.

Data Statement

NSPECS - Number of species in molecular transmittance model,

NTE14P - Number of temperature bins in molecular transmittance model.

OUTPUT VARIABLES

Argument List

RAO(1) - Radiance emitted from surface material at Point P anid
directJd towarl detector at Point V.
[IW/(cm sr cm-

(continued)
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Table 5-I. Input and output variables for Subroutine SURRAD (Cont'd).

RAD(2W Radiance of solar radiation reflected at Point P (with
incoming ray unattenuated) and directed toward detector at
Point V.
[W/(cmL sr cm-t]

For L=1,IFIRES (not used in NBR Module)

RAD(• 2) - Radiance of Fireball-L radiation reflected at Point P (with
incoming ray unattenuated) ano directed toward detector at
Point ý. -1
[W/(cm sr cm I

UPS(I,N,1), - Path parameters U (areal density) and UP (product of J and
UPPS(I,N,l) pressure P) for temperature-index-I and species-N along

incoming solar path to Point P on Earth's surface. Com-

puted only for LUP=1.
(cm at STP, atm-cm at STP)

"For L=IIFIRES (not used in NBR Module)

UPS(I,N,L+1), - Path parameters U and UP along path from Fireball-L to
UPPS(I,N,L+I) Point P on Earth's surface. Computed only for LUPzI.

(cm at STP, at-m-cm at STP)

UCS(I,N), - Similar to UPS(I,N,1) and UPPS (I,N,1) except Point P is

UPCS(I,N) replaced by Point C.

AIRSOL Common

For LUP=I,NWAV_-(JBAAD)

i TASP(LUP), - Aerosol transmittances for incoming solar rays to Point P
TASC(LUP) on Earth's surface and Point C at 12-km altitude. (Depend

only on wavelength and assumed single paths.)

For L=1,IFIRES (not used in NBR Module)

TAFP(L) - Aerosol transmittance for incoming ray from Firebaii-L to
Point P on Earth's surface.

SOLARP Connon

For LL=1 ,NWAV7 (JBAND)

SOLIRR(LL) - Solar spectral irradiance at the top of the atmosphere at
wavenii~ber-lndex LL.
[W/(cm cm-]
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The calculational steps performed in Subroutine SURRAD, as it is employed in
the NBR Module, may be described as follows:

A. Preliminaries (done only for spectral index L=1)

1. Call RINOUT to evaluate geometry for solar source, surface

point (P), and fictitious detector at Point V. Obtain at

Point P:

a. Detector zenith.

b. IDAY.

c. Source zenith (if IDAY=1).

d. Detector azimuth (if IDAY=1 and MSM >2).

2.1 If IDAYV=i and ID=Y1I, set source zenith into THI and detec-

tor azimuth into PSI (if MSM >2).

2.2 If IDAYV=O, set IDAY=O.

3. Set detector zenith into THR.

B. Call ESURF

Obtain surface temperature (TKS), directional emissivity (EPSD),

and (if IDAY=4) bidirectional reflectance-distribution function

(SFRi. If sun and water surface are present and if SPCULR=

J.TRUE., also get solar specular reflection point on assumed

smo~oth horizontal water surface.

C. Compute surface spectral radiance [RAD(i)3 by:

1. Call PLANCK (only for I=J=K=1).

2. Evaluate RAD(1) = EPSD x PLANCK(TKS,W).

D. Compute (unattenuated) surface-reflected solar radiance [RAD(2)]

by:

1. Call SOLRAD to get solar irradiance [SOLIRH(L)] at top of

the atmosphere (only for I=J=Kzf).

2. Evaluate RAD(2) = SFR x SOLIRR(L) x cos (THI).

E. Get path parameters (species areal density J (cm at STP) anG the
product UP (with P the pressure, atm-cm)) for ray SP from sun to
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Point P. Assume path parameters are independent of latitude and

longitude of P; therefore, do only for I=J=K=L-l. Also get
aerosol transmittance from S to P, TASP(L), only for l=J=Kzi.

1. Call GEOXYZ (Point P, I)

2. Call GEOXYZ (Point S, 5)

3. Call STEPS (ý, •,...)
4. Loop over path segments with calls to PATH, AEROSOL, and

ACCUM.

5. Preserve 11(1,N,2) and UP(l,N,2) arrays as JPS(I,N,I) and

UPPS(I,N,I) arrays.

F. Get path parameters for ray S-C from sun to Po'nt C. (This step

is included only if natural clouds are included in the caicula-

tlon. While clouds are not strictly an Earth-surface feature,

the treatment of them is analogous to that for Point P and thus

is appropriately described here.) Assume path parameters are
independent of latitude and longitude of C; therefore, do only
for IK%1ý-J=K=L=I. Also get aerosol transmittance from S to C,

TASC(L), only for IKMý---K=I.

1. Call GEOXYZ (Point C, C).

2. Call STEPS (C, t...

3. Loop over path segments with calls to PATH, AEROSOL, and

ACCUM.
4. Preserve U(I,N,2) and UP(1,4,2) arrays as UCS(I,N) and

UPCS(I$,.) arrays.

5-3 SUBROUTINE RINOJT

5-3.1 Purpose

Subroutine RINOUT, given the geographic locations of the source (sun

and/or fireballs), the detector, and the position P of the intersection of the
line-of-sight from the detector to the Earth's surface, computes the zenith

anglp (and, for fireballs, slant range (but not in NBR Miodule)) of the source

from P and the direction of the ray from P toward the detector in terms of the
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zenith angle of the detector and (if the surface is not Lambertian (M.•AT:) or

water (MAT=2)) the absolute value of the azimuth angle of scatter with respect

to the principal plane containing the incoming ray.

See Table 5-2 for a summary of the input and output variables fcr

Subroutine RINOUT and Figure 5-2 for a flow chart.

5-3.2 Derivations

5-3.2.1 Zenith Angle of Sun

Since the Earth's radius subtends a maximum angle of abcut 4.2 x Lu-

radians at the sun, it is a good approximation to assume that the solar ray to

Point P is essentially parallel to the ray to the subsolar point. Thus the

great circle arc from Point P to the subsolar point is essentially the solar

zenith angle, si' at Point P. This angle ei is obtained by applying the

cosine law for sides to an oblique spherical triangle, with the result

cos e sin ý sin s + cos _; cos A cos (' - ) (1)i i p p -s s-'p

where b and p are the north latitude and east longitude of Point 0 and s

and ,s are the corresponding quantities for the subsolar point. This formula

is the same, of course, as that evaluated in Subroutine SL . ,ol .•e a-

HS-79], but we do nit use that routine here because it receives its input for

Point P from /IiA'Ei, , wich is inappropriate in the present conte'ýt.

i- 5-3.2.2 Zenith Angle of Detector

The approximation made in deriving the solar zenith angle is inade-

quate to use for the zwnith angle of a low-altitude detector, as shown in

Figure 5-3. Here, tne zenith angle is

+ (2)
S d -

: ... '-'• m - • .• • -,.,-:• • = . . . -e • -• .••z'• • ,• • m .• • - , • - • ..'is- • =



Table 5-2. Input and output variables for Subroutine RINOUT.

INPUT VARIABLES

Argument List

MAT Index for category of surface material (see Ta~le 2-12 for
Subroutine ESURF).

IFIRE Number of fireballs to be considered as sources (always
zero in NBR Module).

FiRBAL Common (not used in NGR Module)

For L-I,IFIRE

FBALT(L), - Altitude, north latitude, east longitude, and radiant
FBLAT(L), intensity of Fireball-L.
FBLON(L), (km, radians, radians, W/sec)
FBRINT (L)

POS ITN Common

POSALT, - Altitude, north latitude, and east longitude of intersection
POSLAT, (Point P) of line-of-sitiht from detector (at Point ") to
POSLON Earth's surface.

(km, radians, radians)

SOLARP Commo.l

SOLLAT, - Morth latitude and east longitude of subsolar point.
SOLLON (radians)

TECTOR Common

UDTALT, - Altitude, north latitude, and east longitude of detector
DETLAT, at Point V. (km, radians, radians)
DETLON

OUTPUT VARIABLES

Argument List

IDAY Index For diurnal condition at Point P.
= 0 Solar zenith angle > 90 deg.
= 1, Solar zenith angle < 90 deg.

(continued)
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Table 5-2. Input and output variables for Subroutine RINOUT (Cont'd).

SOURCE Common

SRCZEN(1) - Zenith angle of solar ray incoming to Point P on Earth's
surface. (radians)

For L-I,IFIRE (not used in NBR Module)

SRCZEN(L+1), - Zenith angle and slant range of Fireball-L ray incoming
SRCSR(L+I) to Point P on Earth's surface. (radians, kni)

TECTOR Comon

DETZEN - Zenith angle of ray reflected at Point P or, Earth's surface
toward the detector at Point V. (radians)

DETAZI(1) - Absolute value of azimuth angle of reflected ray, measured
from principal plane determined by vertical plane through
incoming solar ray. (radians)

For L=1,IFIRE (not used in NBR Module)

DETAZI(L+I) - Absolute value of azimuth angle of reflected ray, measure i
from principal plane determined by vertical plane through
incoming ray from Fireball-L, (radians)

where the Earth-central angle a d is obtained from a call to Subroutine CANGLE

(see Table 3-3 for Subroutine CANGLE). Thus we need 8.

With

Re = Earth's radius

hp = Altitude of Point P

hd z Altitude of Point V,

let

b = 2"e + (3a)

c = R e+ hi. (3b)
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0

Figure 5-3. Geometry for detector's zenith angle at Point P.

From the law of tangents for a plane triangle, we have

I

tan 1- (y-)c+a)

tan y (y-B) c-b

which, with the use of

I+ e '3

and

Ed b/c = (e + hp)/Re + hd), (6)
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becomes

-d 1
tan +-(u-B) l tan (n-a) (7a)

or

y-S 2 tan- V1A 1 (1b)
F+- ta-nla/ 2) 1 =

By subtracting Equation (7b) from Equation (5), we have the needed 8,

B = (n-r-Cxd.)/2 , (8)

to use in Equation (2) for the detector's zenith angle at Point P.

5-3.2.3 Azimuth Angle of Reflected Ray

We want to compute the azimuth angle 4 shown in Figure 5-4. For

simplicity in the formules, we drop the primes from the subpoints V and S'.

Our derivation (which may not be the simplest) requires solving, in turn,

triangles P-N-S, Q-N-S, P-Q-N, and P-V-Q. The numbers on the various sides

and angles indicate the sequence of solution.

A. For later use, note that NP and NS are known, since

NP = 0 (9a)

NS = a . (9b)

Define

PNS = 0 s- p (10a)
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B. For triangle P-N-S,

= PNSt i f PNS t <1)

I 2x-PNSt if PNSt

PS = CANGLE(e p, S (s) (12)

where CANGLE is the function reutine described in Section 3-6.2 From the law

of sines,

sin QSN a sin PSN = sin NP sin PNS/sin PS (13a)

QSA = sin-1 (sin QSN). (13b)

To determine the proper quadrant for QSN, we consider the consequence

of PSN equaling 90"; i.e., by applying the law of cosines for sides to tri-

angle P-S-N, we have

cos NP = cos PS cos NS 4- sin PS sin NS cos QSN (14a)

cos NP R = cos PS cos NS. (14b)

Tf N? ,, NPR, then QSN > 900; i.e., if cos NP < cos NPR. then QSN > 900. Thus,

jS QSN P if cos NP > cos NPRQSN = -(15)

n-QSN p if cos NP < cos NPR

where the subscript P denotes the principal value of sin-, as returned by the

computer.
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C. For triangle Q-,1-S,

QN QNS t if QNS t < r(6QS= Q% (I(16)

I 2w-QNSt if QNSt

By applying the law of cosines for angles to triangle Q-N-S, we have

SON = cos-1 (COS QNS cos QSN + sin QNS sin QSN cos NS) . (17)

By applying the law of sines to triangle Q-N-S, we have

"Qý = sin- 1 (sin QSN sin NS/sin SQN). (18)

To determir.e the proper quadrant for QN, we consider the consequence

of QN equaling 90'; i.e., by applying the law of cosines for angles to tri-

angle Q-%-S, we have

cos QSN = -cos Sgi cos QNS + sin SgM sin Q4S cos QN. (19a)

For (fl= 900, we have

cos QSNR = - cos S(d cos QNS. (19b)

Now, SQN < _R; therefore, sin SQN > 0. For daylight conditions at the detec-

tor, Q4S < 1/2; therefore, sin QiS > 0. Thus, the second term in (19a) is

always positive for QN < 90%. Thus

¶ Qp if cos QSN > cos QSNR

S-QN0V if cos QSN < cos QSNR.
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0. For triangle P-Q-,

P QNPt if QNPt < 
(21)

n2,-QNPt if QNpt >

By applying the law of sines, we have

sin QP sin QtIP sin NP/sin SQN (22a)

or

cos OP =(-sin 2 Qp) 112 , (22b)

a quantity we will need later.

E. For triangle P-A-Q, by applying the law of sines, we have

= sin-"I (sin VQ sin VQP/sin VP) 
(23)

where VQ is evaluated by noting, for the arc V-Q-N, that

VO -j- (ed + N) 
(24a)

sin VQ cos (d + QN) ; 
(?4b)

where VQP is evaluated by noting that

VQP - SQN 
(25a)

sin VQP sin SQN ; 
(25b)
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where VP is evaluated by noting that

VP = ad = CANGLE(ed" *d" ep, OW ). (26)

Thus,

* sin- [cos (ed + QN) sin SQN/sin ail. (27)

To determine the proper quadrant for *, we consider the consequence

of * equaling 90; i.e., by applying the law of cosines for sides to triangle

P-V-Q, we have

cos VQ = cos VP cos QP + sin VP sin QP cos '. (28a)

For * 90%,

cos VQR cos VP cos QP (28b)

cos ad cos QP. (29c)

Thus,

l1 l. if cos VQ > Cos VQ(29)

(i1- p if cos VQ < cos VQR.

5-4 OTHER ROUTINES IN EARTH SURFACE RADIANCE MODEL

5-4.1 SAI Routines (ESURF, SOLRAD, GEOXYZ)

Among tne routines shown in Figure 5-1 to be directly called from

Subroutine SURRAD, those (besides RINOUT) that have been prepared oy SAI are

ESURF (discussed in Section 2-5 and its related water-surface routines in

Section 3-6), SOLRAO (discussed in Section 4-3), and GEOXYZ.
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"Subroutine GEOXYZ converts the geographic coordinates of a point (P)
to Earth-centered Cartesian coordinates. Reference to Figure 5-5 aids one in
writing the following equations.

RP = RE + PH (30)

RPEQ = RP x cos PLAT (31)

RPX = RPEQ x cos PLON (32)

RPY = RPEQ x sin PLOW (33)

RPZ = RP x sin PLAT. (34)

The input and output variables are summarized in Table 5-3.

5-4.2 Visidyne, Inc. Routine (AEROSOL)

mr
Subroutine AEROSOL, prepared by C.H. Humphrey et al. [Volume 25],

computes attenuation coefficients for scattering and absorption (and. though
not used in the '4BR Module, the asymmetry factor (average cosinr- of the

scattering angle)) due to atmospheric aerosols, g4 ven the altitude and wave-
length. Table 5-4 summarizes the inputs and outp'ats for Subroutine AEROSOL.

5-4.3 G.E. Tempo Routines tACCUM, DOT, FRAC, rATH, PLANCK, SEGMENT, STEP,
STEPS, SUBVEC, LNITV, VLIN, XMIT)

Among the routines shown in Figure 5-1 to be directly called from
Subroutine SURRAD, those that have been prepared by G.E. Tempo are Function
PLANCK, Subroutine VLIN, Subroutine STEPS (and its auxiliary routines SUBVEC,
VLIN, DOT, UNITV, STEP, and FRAC), Subroutine PATH (and its auxiliary routines

XMIT and SE(GMENT), and Subroutine ACCUM. A brief description of the purpoce
of each of these rzutines is included in Table 7-3a which summariies all the
routines in the NBR Module. For the longer and more important routines we
have summarized their inputs and output: SLbroutine PATH (Table 5-5), Func-

tion PLANCK (Table 5-6), Suoroutine SEGMENT (Table 5-7), Subroutine STEP
(Table 5-8), and Subroutine STEPS (Table 5-9). Briefer ;tatemenss - but in

some instances, flow charts - pertaining to these routines have been given by
Ewing et al. in Volume 31 (PATH, p. 62; PLA4CK, p. 63; SEGMENT. p. 66 with

flow chart on p. 67; STEP, p. 68, with flow chart on p. 69; STEPS, p. 70).
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zV

RPZ•

RP

Greenwich

Figure 5-5. Geometry for corversion of geographic coodinates to Earth -centered
Cartesian co-.rdinates.
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Table 5-3. Input and output variables for Subroutine GEDXYZ.

INPUT VARIABLES

Argument List

PH, - Atitide, north latitude, and east longitude of Point .

PLAT, (km, radians, raJians)
PLON

OUTPUT VARIABLES

Argument List

RPX, - Earth-centered Cartesian coordinates X, Y, and Z of Point P.
RPY, (km)
SPZ

Table 5-4. Input and output variables for Subroutine AEU3SOL.

INPUT VARIABLES

Argument List

HCM - Altitude above sea level. (cm)
LAMDA - Wavelength. (um)

AEROK Common
5

KVIS - Visibility range narameter (VM) for 3 < HCM < 9 x 13 C5O.

1 , VR =50 km
2, VR = 23 km

"- 3, VR 10 km
4, VR 5 k1

S5, VR 2 km.
S105

KTYPE Terrain parameter for 0 < HCM < 2 x 15 CM.

I, Terrain is rural
- 2, Terrain is urban
- 3, Terrain is maritime.

(continued)

131II

i~ -~-



Table 5-4. Input and output variables for Subroutine AEROSOL (Cont'd).

OUTPUT VARIABLES

Argument List

XKSCT, - Scattering and absorption coefficients. (cm- 1 )

XKABS
GBAR - Asymmetry factor (average cosine of the scattering angle).

Table 5-5. Input and output variables for Subroutine PATH.

INPUT VARIABLES

Argument List

FIRST - Logical variable serving as initialization switch.

S.TRUE., For firEt call (i.e., corresponding to path from
RX to R-' in Subroutine TRNSCO).

S.FALSE., For subsequent calls (i.e., corresponding to
path from RN to R-1 in Subroutine TRNSCO).

ISHELL(1), - INDX(I) and INDX(I+1) in calls from Subroutines TRNSCO and
ISHELL(2) S URRAD.

DS - 05(1+1) in calls from Subroutines TRNSCO and SURRAO.
Note: It is always true that DS(1) = O.0 and DS(NC+1)
-1.0, where NC is the number of path segments plus one.
Subroutine ATMRAD will not be called from Subroutine TP.NSCO
with I1-4C.

XFRACS(1), - XFRACS(I) and XFRACS(I+1) in calls fror. Subroutine TRNsCO
XFRACS(2) and SURRAD.

Fotes: (1) Do not confuse this array XFRACS (dimensioned
2) with the array XFRACS (dimensioned 1o0) in
Subroutines STEP, STEPS, and TRNSCO.

(2) For meaning of XFRACS(1), see Table 6-9 for
Subroutine ATMRAD.

(continued)
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Table 5-5. Input and output variables for Subroutine PATH (Cont'd).

XYZCOM Common

NS - Number of altitude boundaries set in Subroutine SHELLS.

For J=1,NS; N=1,1O

TS(J), - Temperature, pressure, and species-N density at altitude
PS(J), boundary J.

XNSPEC(J,N) (deg K, atm, 1/cm

OUTPUT VARIABLES

XYZCOM Common

For 1=1,2 (adequate for ambient atmosphere); N=1,10
U(I,N,2), - Cumulative value of path paameters U (species-N areal

UP(I,N,2) density) and UP (product of d and pressure P) for temper-
ature-index I and species-N at end of line segment DS(J+1).
(cm at STP, atn-cm at STP)

Table 5-6. Input and output variables for Function PLANCK.

INPUT VARIABLES

Argument List

T - Temperature. (deg K)
W Wavenumoer. (I/zm)

nata Statements

C Velocity of light. (cm/secW
H - Planck's constant. (3 ,ec)

CHK - C x H/K, whe.-e K. is 6%ltzmann't, constant. (cm deg-K)

OUTPUT VARIABLES

Fun:-tion

PLANCK Spectral radiance. EW/(cm2 • co-f ]
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Ta',••. 5-7. Input and output variables for Subroutine SEGMENT.

INPUT VARIABLES

Argument List

"NSPEC - Number of species (10) in the molecular transmittance
model. Th.ese species are identified by comments in Table
7-9 for Subroutine SHELLS.

XI - Distance along line segment; set as 0.0 in call from )ub-

routine PATH.

For N = 1,NSPEC

NSI(N), - Array of species concentrations, pressure, and temperature
P1, at start of line segment; set in call from PATH as XNSI(K'),
Ti PSLI, and TSLI. (1/cm , atm, deg K)

X2 - Length of line segment; set as DS in call from Subroutine
PATH. (cm)

NS2(N), - Array of species concentations, pressure, and temperature
P2, at end of line segment; set in csll from Subroutine PATH as
T2 )NS2(10), PSL2, and TSL2. (1/cm , atm, deg K)

XY Comnmon

For I = 1,10

TT(I) - Temperature array used for band-model parameters. (deg K)

OUTPUT VARIABLES

Argument List

For 1=1,10; N=1,10

DU-,N), Incremental path integrals U (areal density) and UP (product
DUP(IIN) of U and pressure P) for path segment DS, temperature-I,

and species-N. (cm at STP, atm-cm at STP)
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Table 5-8. Input and output variables for Subroutine STEP.

INPUT VARIABLES

Argument List

RX - Location vector to one end of transmission path, typically
but not necessarily at the detector. (cm)

SHAT - Unit vector along the transmission path from RY to RX. (cm)

DIST - Magnitude of distance along transmission path from RY to
! 5. (cm)

NC - Initialization value. Normally set to 0 and leads to DS(l)
being set to 0.0.

XYZCOM Common

NS - Number of shell boundaries in atmospheric transmission
model

OUTPUT VARIABLES

Argument List

NC - Number of path segments plus one on the transmission path
from RY to RX, or equivalently, the number of end points.

For I=I,NC

DS(1+1) - Length of line segment I along transmission path. (cm)
Note: It is always true that DS( = 0.0 and DS(NC+-1)
-1.0. (There are two more values of DS than there are
segments.)

XFRACS(I) - The weight associated with the Ith end point appropriate
for finding at that point the linearly-interpolated value
of parameters - such as temperature and pressure (or even
altitude) - which are specified at the two shell boundaries
adjacent to the Ith end point.

Note; For verification of this interpretation, see the usage of
XFRAC(1) and XFRAC(2) in Subroutine AT'4RAD for obtaining altitude and
temperature at front and back of cell DS. The same conclusion may be
drawn from the usage of XFRACS(1) and XFRACS(2) in Subroutine PATH.

(continued)
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Table 5-8. Input and output variables for Subroutine STEP (Cont'd).

It is useful to consider a hypothetical example with HSHELL(I) = 0.0,
1.0, 2.0, 3.0 for 1=1,2,3,4 and 45-degree path from altitude 1.9 to 2.9
km. Then, NC=3 and we have the following values for the arrays:

I DS(I) XFRACS(I) INDX(t)

1. 0.0 0.1 2
2 0.1414 1.0 3
3 1.2728 0.9 4
4 -1.0 Not defined 0

INDX(I) - Index of shell boundary at or just before the start of the
line segment I. INDX(NC) will be the index of the shell
boundary just after the last endpoint.
Note: INDX(NC+1) = 0.

Table 5-9. Input and output variables for Subroutine STEPS.

INPUT VARIABLES

Argument List

RX- Location vector to one end of transmission path, typically
but not necessarily at the detector. (cm)

RY - Location vector to one end of transmissiun path, typically
but not necessarily at the scattering or source point. (cm)

NC - Initialization value. Normally set to 0 and leads to DS(1)
being set to 0.0 in Subroutine STEP.

OUTPUT VARIABLES

Internal Use (for call to Subroutine STEP)

SHAT - Unit vector along the transmission path from RY to RX. (cm)

DIST - Magnitude of distance along transmission path from R-Y to

RX. (cm)

(continued)
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Table 5-9. Input and output variables for Subroutine STEPS (Cont'd).

Argument List

The following quantities are obtained by a call to Subroutine STEP
"(see Table 5-8 for Subroutine STEP): NC, DS, XFRACS, and INDX.
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SECTION 6

UPWELLING NATURAL RAIiATION

6-1 INTRODUCTION

6-1.1 Requirement

The Upwelling Natural Radiation Model (230 is required to provide

the mean upwelling spectral radiance at a viewing Point V at any altitude in
the atmosphere, with account of the effects of solar radiation reflected from

the Earth and clouds, emitted radiation from the Earth, atmosphere, and
clouds, and attenuation by atmospheric aerosols.

6-1.2 Approach

The mean upwelling spectral radiance is evaluated, in principle, by

averaging the upwelling spectral radiance over the solid angle (:) defined by
the cone with vertex at Point V and tangent to the Earth's surface. In prac-

tice, we average the set of spectral radiances received by a (fictitious)

detector viewing, from Point V, a set of characteristic Points P on the

Earth's surface and within 2T" (For now, we iqnore clouds.) The selection of

the Points P is done by first dividing ;i. into a number of regions (NN < 10)

bounded by common-vertex cones, each region with solid angle AQ = Q T /NN. For

each region we determine an angle B, measured from the nadir, which defines a

cone that bisects AQ. (For brevity, we will hereafter let the phrase 'nadir

angle' mean an angle measured from the nadir, just as 'zenith angle' means an

angle measured from the zenith.) For daytime, we assume symmetry about the

vertical (or principal) plane passing through Point V and the sun. The region

on one side of the principal plane is divided into a number of sectors, each

with angle 1/A (4 A < 6 for day; NA = 1 for night since complete azimuthal

symmetry then obtains). The intersections between the bisecting cones and the

planes bisecting the sectors are a set of NN x NA lines which intersect the

Earth's surface at a set of points we call Poirts P. We assume the upwelling
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radiance directed from a Point P to Point V is representative of that from the
entire facet associated with the Point P.

In the absence of clouds, we model the upwelling radiance directed

along a Path PV (i.e., from Point P to Point V) by including contributions

from (1) air emission between Points V and P, (2) surface emission at Point P,

and (3) solar radiation reflected from the surface at Point P. (We do not
include air emission reflected at Point P.) Let us denote such radiance as

UPRAD(I,J,K,Li, with I,J,K, and L being indices for altitude, nadir angle,

azimuth angle, and wavenumber, respectively.

To obtain a mean value for the upwelling radiance, we first average
UPRAD(I,J,K,L) over azimuth angles for a constant nadir- angle to get

UPRADA(I,J,L) and then average UPRADA(I,J,L) over nadir angles to get
UPRADN(I,L). Very recently this last. array has been extended to

UPRADN(I,LJBAND) to provide for a broad-band spectral index JBANO.

The inclusion of natural clouds complicates the modeling. No attempt

is made to include the deterministic cloud submodel. The statistical cloud
submodel is included only for altitudes of Point V equal to or greater than

the highest altitude (12 kim) of a cloud top i' that submodel. The general

procedure is to first consider a given altitude (,,ow denote8ty index IKM),
nadir-J, and azimuth-K, just as with no clouds. With the air emission,

ARCVA(IKM,J,L1, along the line-of-sight (LOS) above 12-km altitude serving as

a base value, we obtain a distribution function for the additional radiance
corresponding to cloud-free-LOS (CFLOS) and cloudy-LOS extending below 12-km

altitude. Because there are 159 cloud configurations in the statistical cloud
model, this distribution function has 160 members for nighttime and 161 mem-

bers for daytime:
159 for cloud-top emission and (if daytime) cloud-reflected solwr

radiation

I for Earth's surface emission and air emission below 12-km
altitude (for a 1-leg CFLOS)
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1 for Earth's surface emission, air emission below 12-km altitude,
and (if daytime) ground-reflected solar radiation (for a 2-leg
CFLOS, obtaining for daytime).

The last two members are the weighted contributions for CFI.OS conditions.

(Owing to certain simplifications made in the cloud modeling, there are

actually only 9 and not 159 distinct values in the distribution for a cloudy-

LOS.) Having determined the distribution function for a given look direction

from Point V, we form the integral distribution and compute zelected percen-

tiles (XXX = 10, 25, 50, 90, 100) of the integral distribution, RXXX(K,L), at

implicit aititude-IKM, implicit nadir-J, and explicit azimuth-K. Values of

RXXX(K,L) are averaged over azimuth angles to give RXXXA(IKMJ,L). Values of

ARCVA(IKM,J,L) and RXXXA(IKM,J,L) are averaged over nadir angles to give
ARCVN(IKM,L) and RXXXN(IKM,L), respectively.

Since the inclusion of the broad-band index JBAND was a late change

(March 1980), we elected not to modify the arrays ARCVH(IKM,L) and

RXXXN(IKM,L) to provide for an explicit dependence on the index JBAND •s we

did for the array UPRADN(I,L,JBAND). This limitation must be remembered and

removed if JBAND > 1 and if clouds are included, unless one adopts the GRC
definition of UPRADN(I,L,JBAND) (which we give later).

It would probably be more conceptually satisfying if one could per-

form azimuth- and nadir-averages for each of the cloud configurations, so that

one could end up with a distribution function at a given altitude instead of
averaged percentile-values. Such a procedure was not followed.

The natural cloud model does not include air emission between cloud

tops and 12-km altitude. Hence, such air emission is not included here,

either.

6.1-3 Dependence on Other Models

It will be recoqnized, of course, that the Upwelling Radiation Model
depends heavily on other models which we have integrated into it. Obviously
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required are the models described in earlier sections of this report (Earth

Surface Characterization in Sections 2 and 3, Solar Radiation in Section 4,

Earth Surface Radiance in Section 5) as well as the SAI models described else-

where for the Ambient Atmosphere (Volume 14a-1) and Natural Clouds (Volume

24). In addition, highly essential ingredients are provided by the G.E. Tempo

models For Atmospheric Thermal Emission (Volumes 28 and 311) and Molecular

Transmittance (Volumes 28 and 31) and the Visidyne, Inc./AFGL model for Atmo-

spheric Aerosols (Volume 25). Explicit recognition of the pertinent routines

is given later.

6-2 SUBROUTINE UPWELL

6-2.1 Formulas

6-2.1.1 Geometry

Here we derive the formulas associated with the characteristic Points

P.

In Figure 6-1, consider the Point V at altitude h and the ray VT

tangent to the Earth's surface. Then, for the right triangle OTV, we have

L + R = (R+h) 2

or

sT = (2h R + h2 )/2

The nadir angle B, at Point V for the tangent ra," is

-I

S= cos-1I [sT/(R+h)J.

The solid angle between nadir angles 5i and B2 is
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Figure 6-1. Geometr far characteristic points on Eartl~s surface.

B2

Q=jý2 27, sin B dB =2, (cos -Co 2 1.

81

For = ,ýe have

SI(OB 2) 2n (1 - Cos B2).

For a 0 and 2 a BT we have

2inn r a,(0 B_ ) 2w(1 cos 8.
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Consider now the oblique triangle OPV for which

+• B-

where, at Point P, x is the zenith angle of Point V. From the law of sines,

we have

sin ('-x) _ sin : sin a = sin B
K+ s m

Consider now the fractiles (n-1/2)/n (with n=1, 2,..., n of the
B

normalized solid angle aT. The corresponding angles and distances of interest

are:

I

n n, T

-1
Cos -1(Cos 8nn

xn sin Ill + sin n

OI n Xn Bn

s n R sin an /sin sn"

These quantities of interest are tabulated in Table 6-1 for altitudes of 1,

10, and 100 km. nT has the values of 0.982, 0.944, and 0.825 for h = 1, 10,

and 100 km.

For a Point C at 12-km altitude on the ray P, we have
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Table 6-1. Geometrical quantities of interest for Point-V at

altitudes of 1, 10, and 100 km.

h I km

n Bn Xn an R a n s n

1 18.03 18.03 .00293 0.33 1.05
2 31.50 31.50 .00551 .61 1.17
3 41.02 41.03 .00782 .87 1.33
4 48.99 49.00 .01034 1.15 1.52
5 56.08 56.10 .01338 1.49 1.79
6 62.63 62.64 .01737 1.93 2.18
7 68.80 68.83 .02320 2.58 2.77
8 74.73 74.76 .03298 3.67 3.80
9 80.50 80.55 .05386 5.99 6.07
10 86.16 86.30 .1365 15.18 15.21

-----------------------------------------------------------------

h 10 km

n Bn yn n Ran Sn

1 17.67 17.70 .0286 3.19 10.50
2 30.86 30.92 .0538 5.98 11.65
3 40.18 40.26 .0760 8.45 13.10
4 47.96 48.06 .0998 11.10 14.95
5 54.89 55.01 .1281 14.24 17.41
6 61.26 61.43 .1644 18.28 20.85
7 67.27 67.48 .2156 23.98 26.00
8 73.02 73.32 .2971 33.03 34.54
9 78.60 79.06 .4551 50.61 51.62

10 84.08 85.02 .9414 104.68 105.24

.h = 100 km

n Bn Xn Ra n Sn

1 16.51 16.78 .2668 29.7 104.4
2 28.80 29.30 .4957 55.1 114.4
3 37.46 38.15 .6922 77.0 126.6
4 44.66 45.55 .8956 99.6 141.7
5 51.04 52.16 1.1257 125.2 161.0
6 56.88 58.29 1.4052 156.2 186.5
7 62.36 64.13 1.7700 196.8 222.1
8 67.58 69.87 2.2914 254.8 275.6
9 72.61 75.76 3.1488 350.1 366.7
10 77.50 82.58 5.0774 564.6 577.5
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sin (w-x )
C= sin 8

RC12

or

sin =c RCh sin Bsi c R+C 12

where, at Point C, xc is the zenith angle of Point V.

The Earth-central angle ac is

c iSo = X - 8.

6-2.1.2 Radiance

Here we record the general formulas used to compute the riaiance

directed along the paths from Point P to Point V and from Point C to Point V,

shown in Figures 6-2 and 6-3.

6-2.1.2.1 No Clouds

For no clouds (or for Point-V altitudes below 12-km when clouds are

included), the radiance may be written as

[Radiance]pv = [Air radiance]pv + [Ground enission radiancelp

x TTPV(L) + [Ground-reflected solar radiance]p x TTSPV

or
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Figure 6- 2. Geometry and ingredients fo.- radiance calculation along path PV without c-louds.

LIPADKU= NFPV(L) + RADO() x TTPV(L) +- RAO(2) x TTSPV(L)

UPRA9 0CK,U)

where

TTPV('L IzTotal tranisrmittance along PY

Droduct of rnclecular transinittance and aerosol trans-
mi ttance

TTSPV(L) =Total transmittance along, I-p +PV

= iMolecular transmnittance) x (Aerosol transmlittance)

TMSDV(L) Yý [TA.SP(L'x

The nokeci jar transviiOttarce r $9
CV dcpe".,ds on! th nath, parameter's for the en-

tire path (7P + ?0
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U (M,N,1) = U PS(M,W,1) + U (M,N,2)

UP(M,N,I) = UPPS(M,N,1) + UP(M,N,2).

6-2.1.2.2 With Clouds (h > 12 kin)

When clouds are included in the calculation on a statistical basis,

the problem becomes much more complicated, as inferred from Figure 6-3. The

general procedure is to compute the radiance with and without the clouds and
(essentially) to weight the two results by the probabilities that the line-of-

sight (LOS) from Point V intersects the clouds or does not intersect the

clouds (discussed in Section 6-2.3).

If the LOS intersects the clouds, the radiance may be written as

[Radiance] cv [Air radiance]cv + [Cloud emission radiance]c x TTCV(L)

+ [Cloud-reflected solar radiance] x TTSCV(L)
c

or

AECV(L) + EMISS(IDX) x TTCV(L) + SOLIRR(L) x TRANS(IDX) x TTSCV(L),

where

TTCV(L) = Total transmittance along CV

Product of molecular transmittance and aerosol trans-

mittance

TTSCV(L) = Total transmittance along (SfC + rV)

= (Molecular transmittance) x (Aerosol transmittance)

I TMSCV(L) x [TASC(L) ý TACV(L)].

The molecular transmittance TMSCV depends on the path parameters for the

entire path (SC + CV):
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U SCV(M,N,I) - U CS(M,N) + U CV(M,N)

UPSCV(M,N,1) = UPCS(M,N) + UPCV(M,N).

6-2.2 Input and Output Variables

The input and output variables for Subroutine UPWELL are described in

Table 6-2.

6-2.3 Calculational Steps

A. Prel iminaries

1. Set JBANDi in /UPWELS2/.

2. Set Subpoint V' in /TECTOP/.

3. Determine solar conditions.

a. Solar zenith angle

b.1 If IDAYV = 0,

REFAZI = 0.0, RS = 0.

b.2 If IDAYV = 1,

(1) Call GEOREA for REFAZI

(2) Call GEOXYZ for RS in /SORCE/

(3) Zero arrays USPV, UPSPV, USCV, UPSCV.

4. Set altitude of all Points P.

5. Initialize counter for cloud calculations, IKM = 0.

B. Altitude Loop (I=1,NALT(JBAND)-NALTJ)

1. Advance altitude (of fictitious detector) at Point V.

2. Call GEOXYZ for RV I RD in /SANDD/.

3. Get nadir angle for tangent ray and corresponding solid

angle.

4. If IKM=1 (implies ZKM(I,JBAND) = 12.0), compute CFPS, the

CFLOS for Path PS by using calls to CFLOSF in the following

formul a:

5

CFPS = CCOVER(IC,KMODEL) x CFLOSF[ICC(IC), SOLZ]

IC=1

with ICC(IC) = 1,4,6,9,11 for IC = 1,2,3,4,5.
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Table 6-2. Input and output variables for Subroutine UPWELL.

INPUT VARIABLES

Argument List

MSM Index for category of surface material (see Table 2-12 for
Subroutine ESURF).

DD Additional descriptor for selected surface material (see
Table 2-12 for Subroutine ESURF).

WW, Arrays of central wavenumbers and wavenumber-interval_
DW widths corresponding to broad-band index JBAND. (cm

SPCULR Logical parameter, passed to Subroutine SURRAD.
= .TRUE., Compute coordinates of specular reflection point
on an assumed smooth horizontal water surface, provided
MSM=2.
= .FALSE., Do not compute such coordinates.

LBINT Word-5 (LHV) in GRC Dataset-BN (No. 114), List of Band-
Interval Datasets (BI). Strictly, LBINT is the pointer
(i.e., contains the (Q-array) address) for the list header
of the Band-Interval Datasets-BI corresponding to Dataset-
BN.

JBAND - Index for list of (broad) wavelength bands. (1 to 5)

AIRSOL Common

For L'1.,NWAVEJ

TASP(L), - Aerosol transmittance for incoming solar rays to Point P on
TASC(L) ground and Point C at 12-km altitude.

CLDFREQ Common

KMODEL - Index (I to 11) characterizing a set of statistical aver-
ages of cloud-coverage categories, cloud types, and number
of cloud layers for a given geographic region. Character-
izes a specification of CCOVER(5,11) and CFREQ(17, 4, 11)
in Block Data CDATA for KMODEL 1,10; user must supply his
own data for KMODEL=I1.

For ICC01,5; KM:KMODELZ1,11

(continued)
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Table 6-2. Input and output variables for Subroutine UPWELL (Cont'd).

CCOVER(ICC,KM) - Fractional occurrence frequency of cloud-coverage category
ICC for given KMODEL.

CLDWT Common

IDX - Index for length of arrays returned from Subroutine CLDWT.
OIX equals 160 for a full set of 159 cloud-layer and cloud-

type configurations and is less for a restricted set.

WTil) - Probability of configuration-I. IDX equaling 160
I=I,IDX corresponds to a cloud-free line-of-sight.

TRANS(I) - Transfer coefficient for configuration-I. !n NBR Module,
.I=,IUX-1 geometry for transmission through clouds is not included;

only geometry for reflection of solar ray from the highest-
layer cloud in configuration-I is included. Attenuation is
included (within the Natural Cloud Model) to 12-km al-
titude. (1/sr)

EMISS(I) - Thermal emission spectral radiance from the highest-layer
I=I,IDX-1 cloud in configuration-I with attenuation computed (within

the Naural Cloud Model) to 12-kim altitude.
[W/(km sr Pm)]

OPTINi Common

RADSW - Logical variable serving as option switch for atmospheric

volume emission calculation; passed to Subroutine TRNSCO.
=.TRUE., Td.cl ide call (from Subroutine TRNSCO) to Sub-
routine ATMRAD.
=.FALSE., Bypass call to Subroutine ATMRAD and perform

transmittance calculation in Subroutine TRNSCO without air
emission.

OPTION Common

TRNSOPT - Logical variable affecting complexity of molecular trans-
mittance calculation (see Tables 7-3 and 6-10 for Sub-
routines TRANSB and TRANS). In Subroutine UPWFLL, TRNSOPT
is used only in the argument list for calls to Subroutine

TRANS.

QNCNC Common

NCNC - A variable, set to NC after the double call to Subroutine
STEPS in Subroutine TRNSCO, employed to facilitate being

(continued)
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Table 6-2. Input and output variables for Subroutine UPWELL (Cont'd).

able to use zero-kilometer altitude in the NBR Module. For
more information, see comments preceding label number 22 in
Subroutine UPWELL.

SOLARP Common

SOLLAT, - Worth latitude and east longitude of subsolar point.
SOLLON (radians)

For L=1,NWAVEJ

SOLIRR(L) - Solar spectral irradiance at the top2of te Earth's atmo-
sphere at wavenumber-index L. [W/(cm cm-E)

UPWELS Common

UPWALT, - Surface altitude, north latitude, and east longitude of the
UPWLAT, sub-V-point at which the upwelling radiance is computed.
UPWLON (km, radians, radians)

For I=1,NALTJ; M JBAND=I,NBANDS

NALT(M) - Number of altitudes ZKM(IM) for (broad) wavelength-baid
index JBAND. Defines NALTJ.

ZKM(I,M) - Altitudes of Point V above UPWALT at which upwelling radi-
ance is computed. (km)

NNADIR, - Number of nadir and azimuth angles at Point V at which
NAZI upwelling radiance is computed.

NWAVE(M) - Number of wavenumbers at which the upwelling spectral radi-
ance is to be computed for (broad) wavelength-band index
JBAND. Defines NWAVEJ.

CLDFLG - Index for optional inclusion of natural clouds
=O., Clouds are not included.

=I., Clouds are included.

OUTPUT VARIABLES

FLAGS Common (differs from GRC's)

ITFLAG - Flag indicating the diurnal condition at Point V', for use
by Subroutine CLDWT in the Natural Cloud Module.

(continued
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Table 6-2. Input and output variables for Subroutine UPWELL (Cont'd).

=0, Sun is below the horizon.

4=, Sun is above the horizon.

POSITN Common

POSALT, Altitude, north latitude, and east longitude of Point P at
FOSLAT, which line-of-sight (from fictitious detector at Point V)
POSLON intersects Earth's surface. (km, radians, radians)

C12ALT, Altitude, north latitude, and east longitude of Point C
C12LAT, at which line-of-sight (directed toward Point P from
C12LON fictitious detector at Point V) intersects the 12-km alti-

tude surface. (km, radians, radians)

SANDD Common

XS. - Earth-centered Cartesian coordinates of the sun. The
YS, orientation of the system is shown in Figure 5-5. (km)
ZS

XD, - Earth-centered Cartesian coordinates of the fictitious
YD, detector at Point V. (km)
ZD

UL, - Direction cosines of Point P from Point V.
VL,
WL

SORCE Commnon

(Solar coordinates are needed in Subroutine TRANSF of the Natural
Cloud Module.)

NSORCE - Number of sources. Set to I in data statements.

HSORCE(1) - Altitude of sun (RSUN), set in data statement. (kin)

RSORCE(1) - Radius of source. True value for sun is not relevant for
this application in the NBR Module. Set to 0.0 in data
statement.

THETAS, - Colatitude and east longitude of subsolar point. (degrees)
PHIS

(continued)
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Table 6-2. Input and output variables f3r Subroutine UPWELL (Cont'd).

TECTOR Common

DETALT, - Altitude, north latitude, and east longitude of fictitious
DETLAT, detector at Point V. (km, radians, radians)
DETLON

o Note: UPRAD(K,L) (in /UPWELS3/), UPRADA(I,J,L) (in /IUPWELS3/), and
UPRADN(I,L,JBAND) (in /UPWELS/) are cloud-free results. For results which
also include cloud effects for altitudes >12 km, use the corresponding
arrays RXXX(KL), RXXXA(I, ,L), and RXXXNTI,L), all in /UPWELSI/. To these
arrays one must add, respe, tively, the base-value quantities ARCVA(I,J,L),
ARCVA(I,J,L), and ARCV4(I,L) (in /UPWELS1/).

o In the GRC version, for altitudes >12 km and if clouds are included, the
array UPRADN(I,L,JBAND) is reset as

UPRADN(I,L,JBAND) = ROSON(IKM,L) + ARCVN(IKM,L),

which is transferred through /UPWELS/ to (the GRC) Subroutine UPWELT.
Thus, in the GRC version, for altitudes ZKM >12 kin, UPRADN is not the cloud-
free result but the 50-percentile of the radTance distribution function for
statistical clouds (if included in the problem).

UPWELS Common

IDAYV - Index for diurnal condition at sub-V-point.
=0, Solar zenith angle > 90'
=1, Solar zenith angle < 90'.

For I=t,NALTJ; L=1,NWAVEJ; M-JBAND--,NBANDS

JPRADN(1,L,M) - Nadir-averaged value of UPRADA(I,J,L). [W/(cm2 sr cm-1

S.i.i x for number -:," AItitudes at which calculations are
made when clouds are included (used -n Subroutine SURRAD).

UPWELSI Common

For I=1,NALTJ; J=1,NNADtI.; K=1,NAZI; L=1,N4vAVE%'; M-JBAN¶Th1,NBANDS

(continued)
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Table 6-2. Input and output variables for Subroutine UPWELL (Cont'd).

ARCVA(I,J,L) - When clouds are considered (ZKM(I,M) > 12.0), a component
of the upwelling spectral radiance received at Point V (at
altitude-I), from air emission above 12-km altitude, along
a ray directed to Point P on the Earth's surface (at i
nadir-J and independent of azimuth-K). .W/(cm sr cm- )]

ARCVM(I,L) - .4adir-pveraged 1value of ARCVA(I,J,L) for ZKM(I,M) > 12.0 km.

[W/(cm sr cm-)]

For XXX = 10, 25, 50, 90, 100

RXXX(KL) - XXX-percentile of the integral distribution of the total
(including that from statistical clouds) natural upwelling
spectral radiance received at Point V for wavenumber-L (at
implicit altitude-IKM above surface material-MSM) along a
ray directed to Point P on Earth's surfaqe (at irplicit
nadir-J and explicit azimuth-K). [W!(cm sr cm- )]
"**Note: RXXX(K,L) does not include ARCVYAI,J,L). Cur-
rently, UPRAD(K,L) and RXXX(K,L) are being written in
binary form on logical unit No. 8, for all appropriate
altitudes and nadirs.

RXXXA(I,J,L) - Azimuth-averaged value of RXXX(K,L). [W/(cm2 sr cm -1

RXXXN(I,L) - Nadir-averaged value of RXXXA(I,J,L). [W/(cm2 sr cm-

UPWELS2 Common

JBANDI - Same as JBAND, but made available to Subroutine SURRAD to
facilitate print.

UPWELS3 Common

For I=I,NALTJ, J=1,N1.\DI.; K=1,NAZI; L=1,NWAVEJ

UPRAD(K,L) - Natural, upw.:.ling spectral radiance received at Point V (at
altituoe-I above surface material-MSM) along a ray directed
to Point P on Earth's surface (at nadir-J and azimuth-K).

(Implicitly, I=I,NALTJ; Jzl,NADIR. I- and J-dependences
are not stored so user must print UPRAO(K,L) irlediately
after computatioti if he wants to see them. Currently,
UPRAD(K,L) and RXYX(K,L) are being written in binary form
on logical unit 2 4o. 8, [Ir all appropriate altitudes and
nadirs.) [W/(cm sr cm )]

UPRADA(I,J,L) Azimuth-averaged v.'ue of JPIRAO(K,L). [W/(cm, sr cili H
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C. Nadir Angle Loop (J=1,NNADIR)

1. Advance fractile (FRCTL) of tangent solid angle (OMEGAT(I)).

2. For fractile FRCTL, get

a. Nadir angle (BETA).

b. Zenith angle (CHI) of PV.

C. Earth-central angle (ALPHA).

d. If clouds:

(1) Zenith angle (CHIC) of CV.

(2) Earth-central angle (ALPHAC).

3. Initialize azimuth loop (number of azimuths and azimuth

angle). If IDAYV = 0 or MSM = 1, set NAZI 1.

0. Azimuth Angle Loop (K=1,NAZI)

1. Allow solar specular point to be computed (at most) once

per altitude.

2. Advance azimuth angle.

3. Call AGAGEO to set latitude and longitude of Point P in

/POSITN/.

4. Call GEOXYZ to get RP and thence direction cosines (UL,VL.

WL) for /SANDD/.

5. If clouds:

a. If IKM=I, Point C is at Point V and RC = RV.

b. If IKM >I:

(1) Call AGAGEO to set latitude and longitude of

Point C in iPOSITN/.
(2) Call GEOXYZ to get R- for later use in calU to

TRNSCO.

6. Initialize position (FILPOS) of file LTMTE (necessary if

TRNSOPT .FALSE.).

E. Wavenumber Loop (L=I,NWAVE (JBAND)-NWAVEJ)

1. Advance central wavelength (ZLAM)

2 Call SURRAD to get:

a. At Point P:

(1) Emitted radiance, RAN(1); for L>1.
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(2.1) Unattenuated reflected solar radiance, RAD(W);

for L>1.

(2.2) Path parameters [UPS(IT,N,l) and UPPS(IT,N,1)1

for path SP; for L=1.

(3) Aerosol transmittance, TASP(L) through /AIRSOL/,

for path SP; for L>1.

b. At Point C (if IKM=1):

(1) Path parameters [UCS(IT,N) and UPCS(IT,N)] for

path SC; for L=1.

(2) Aerosol transmittance, TASC(L) through /AIRSOL/,

for path SC; for L>1.

3. Call TRNSCO(P) to get for path PV:

a. (Derived from Word-8, -7, and -5 of Dataset-BI,

obtained by calling PREV):

Aerosol transmittance, TAPV(L);
Total (molecular and aerosol) transmittance, TTPV(L);

Air emission, AEPV(L).

b. From XYZCOM Common:

Path parameters, U(IT,N,2) and UP(IT,N,2), preserved

as UPV(IT,N) and UPPV(IT,N).

4. Compute sum (temporarily defined as UPRAD(KL) and recog-

nized as azimuthally independent) of (1) the Earth's sur-

face radiance RAD(1), multiplied by the total transmittance

TTPV(L) along P-V, and (2) the atmospheric emission AEPV(L)

along PV:

[UPRAD(K,L)]old = RAD(1) x TTPV(L) + AEPV(L) (K=1,NAZ:),

"which is the upwelling spectral radiance, for implicit

"nadir index-J, at night (IDAYV=O) and for no clouds.

5. If clouds, call TRNSCO((-) to get for path CV:

a. (Derived from Word-8, -7, and -5 of Dataset-BI, ob-

tained by calling PREV):

Aerosol transmittance, TACV(L);

Total (molecular and aerosol) transmittance, TTCV(L);

Air emission.
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b. From XYZCOM Common:

Path parameters, U and UP, preserved as UCV and UP0V.

6. Preserve AECV(L), which is azimuthally independent, with a

notation to indicate it is the azimuth average for the

current values of IKM, J, and L:

ARCVA(IK',,J,L) = AECV(L).

7. Set ITFLAG in /FLAGS/ equal to iDAYV, for use in Subroutine

TRANSF when called by Subroutine CLDWTN

8. Call CLOWT to obtain through /CLDWT/ the arrays WT, EM41SS,

and TRANS of lengths IDX=160, IDX-1=159, and IDX-1=159,

respectively. IDX equals 160 for a full set of 159 cloud

configurations. WT is the array for weights corresponding
to the various cloud configurations or sets; at 12-km alti-

tude (Point C) along PV, EMISS is the array for cloud-top

emission radiances and (if IDAYV=I) TRANS is the arrey for

the (irradiance-to-radiance) transfer coefficients for

cloud-top reflection of solar radiation. WT(H), for any of

the 10 location-season averaged statistical cloud models

(KMODEL=1,1O), is the probability that (a) the cloud-

configuration set indicated by the index M occurs and (b)
the detector's LOS at zenith angle CHI intersects the cloud-

"configuration set. The probability of the detec-tor's LOS

intersecting clouds is E •T',), (M41,159).

9. Continue with following steps:

a. To facilitate computing the radiance distrioution

function resulting from the statistical treatment cf

natural clouds, start forming a new radiance distribu-

tion function (UPRNDC) and corresponding weights (A(TL).

b. To facilitate assessing the relative importance of

emission and reflection contributions, preserve the

emission component of 'JPIADC in another array (jPRC I).

0. Multiply the spectral radiance from the Natural Cloud

'Module, expressed in .'!(kn,2 sr rmn) , by 1.0L.-14 x
2 91-AM) to obtain /kcm sr Cm 1.
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d. Include transmittance between Points C and V. For

M:I, 159:

[UPRADC(M)]old - 1.UE-14 x (ZLM)- x EMISS(Mi x TTCV(L)

UP,ýDCI(M) = rUPMADC(M)]ld

AUM) WT(M)

159

SUMWTC z wlTC(M).
M--I

e. Now use fact that the radiance at Point V due to air

o'mission along AV can be separated into two portions:

AEPV(L) = C'EPC(L) x TTCV(L) + AECV(L)

or

AEPC(L) K TTCV(L) z AEPV(L) - AECV(L).

Hence we need to subtract AECV(L) from UPRtA9(K,L) in

order that 'JPRADC(160) will be the air emission along

PC but attenuated along CV.

UPRADC(I60) = JPRAO(K,L) - AECV(L)

UPRDC,1(.160) UP.IADC(160).

f. We need the mean probability of a cloud-free line-of-

sight (CFLOS) along PC (at zenith angle CHI at Point P

corresponding to nadir angle BETA at Point V). As

noted in Step 8, the probability of the detector's LOS
intersecting clouds is SJMWT - AT(.), (M=1,159).

Hence we take (I-SUK4T) as the desired probability of
a CFLOS, CFPV:

CF(1V = F-SU.TC

This WT^( 160) obtains for night. The ddytilne value is

set later.
10. If IJAYV=1, we must include the surface-reflected solar

rad i ati oi:
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a. In Step 3b, w preserved the path parameters along PV

as UPV(IT.N) and UPPV(IT,N). We now add the param-

eters for path segments SP and PV and preserve as USPV

and UPSPV arrays.

U SPY(IT,N) = U PS(IT,N) + U PV(IT,N).

UPSPV(IT,N) = UPPSIIT,N) , UPPV(IT,N).

b. Call TRANS(...,USPV,UPSPV .... ) to get the total

molecular transmittance (TMSPV(L)) for the total path

c. To get the aerosol transmittance for the total path

(SP+rPV), use TASP(L) returned through /AIRSOL/ from

call to Subroutine SURRAD and TAPV(L) from Subroutine

TRNSCO's call to Subroutine ATMRAD for path PV.

d. Thus the total transmittance for the surface-reflected

solar ra'; alung the total path (SP+PV) is

TTSPV(L) = TMSPY(L) x [TASP(L) x TAPV(L)].

e. The total upwelling -adiance along the path PV (with-

out clouds) is

[UPRAD(K,L)]new = [UPRAD(K,L)Jold + TTSPV(L) x RAD(2)

where only RAD(2) may depend on azimutn, which it will

for non-Lambertian surface materials (MSM>I). The

first term is the sum of the attenuated ground-surface

emission and eir emission along path FV (obtained in

Step E.4) and the second term is the product of the

unattenuated surface-reflected solar radiance (ob-

tained from Step E.2.a.(2.1)) and the total trans-

mittance (obtained from Step E.1O.d0.

11. If IDAYV=1 and clouds are present, one must include the

cloud-reflected solar radiation.

a. We must convert the transfer coefficients (TRANS, from

Step E.8) into radiances for thp cloud-reflected solar

radiation. To do so, we need the solar spectral

irradiance EFIW/(cm2 cm- )] (normal to the path to the

sun) at the 12-kim altitude point along the path VP.

We use the quantity SOLIRR(L) = E, previously obtained
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from Subroutine SURRAD's call to SOLRAD and available

through /SOLARP/.

b. We includQ air transmittance [TTSCV(L)] above 12-km

altitude along the total path (SCC). TTSCV(L) is

given by the product of the molecular transmittance

[TMSCV(L)] and the aerosol transmittance [TASC(L) x

TACV(L)J. TMSCV(L) will be computed by Subroutine

TRANS, given the path parameters USCV and UPSCV. From

Subroutine TRNSCO's call to PATH (Step E.5.b), we have

the path parameters U(IT,N,2) and UP(IT,N,?) (which we

saved as UCV(IT,N) and UPCV(IT,N) for the path CV.

The path parameters UCS(IT,N) and UPCS(IT,N) were

obtained from the call to Subroutine SURRAD [Step

E.2.b.(I)]. Add to the path parameters and preserve

as USCV and UPSCV arrays.

U SCV(ITN) = U CS(IT,N) + U CV(IT,N)

UPSCV(IT,N) = UPCS(IT,N) + UPCV(IT,N).

c. Call TRANS(...,USCV,UPSCV,...) to obtain the total

molecular transmittance TMSCV(L) for the total path

(•ýttV).
d. To get the aerosol trarsmittance for the total path

(SC+C), use TASC(L) returned through /AIRSOL/ from

call tv Subroutine SURRAD and TACV(L) from Subroutine

.RNSCO's call to Subroutine ATMRAD for path CV.

e. Thus the total transmittance for the cloud-reflected

solar ray along the total path (SC+CV) is

TTSCV(L) = TMSCV(L) x [TASC(L) x TACV(L)I.

f. A contribution to the total upwelling radiance along

the path CV (with clouds at or below Point C) is

[UPRADC(M)]new = [UPRADC(M)]old

+ SODIRR(L) x TRANS(M) x TTSCV(L)

(M=1,159)

where only the transfer coefficient TRANS(M) depends

on aLimuths. The first term is the cloud-surface

emission attenuated along path CV (obtained in Step

161



E.9.d) and the second term is the product of the un-

attenuated cloud-surface-reflected solar radiance

[SULIRR(L) x TRANS(M)] and the total transmittance

(obtained from Step E.11.e).

g. WTC(160) needs to be reset for daytime conditions. We

multiply the probability of the (nighttime) one-leg

CFLOS by the probability of not having the second

(daytime) leg:

WTC(160) = CFPV x (i.0 - CFPS),

where CFPV was set in Step E.9.f and CFPS was set in

Step B.4.

h. For daytime, the arrays UPRADC, UPRDCI, and WTC must

be augmented by inclusion of members for a two-leg

CFLOS:

UPRDC1(161j = UPRADC'(1bU)

UPRADC(161) = UPRADC(160) + RAD(2) x TTSPV(2)

WTC(161) = CFPS x CFPV

where UPRADC(160) was set in Step E.g.e, RAD(2) in

Step E.2.a.(2.1), and TTSPV(L) in Step E.i0.d.

12. For clouds, day or night, the distribution-function arrays

must he processed.

a. Augment each of the three arrays (UPRADC, UPRDCI, and

WTC) with a zero-value member, which allows Subroutine

LINEAR to interpolate within its given array if the

weight of the normally smallest member exceeds the
smallest fractile (now 0.10) for which an integral-

distribution value is requested.
NUPRADC(II) = UPRDCI(11) = WIC 0.10

161 for night
m m II

162 for day.

b. Call SORTLJ to sort the radiance array UPRADC in in-

creasing order and carry along the arrays UPRDCI and

WTC.
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c. Sum the weights and normalize to unity (although, in
principle, the weights are already so normalized).

d, Interpolate the array UPRADC (by calling LINEAR) to

obtain the percentile values (called RXXX(K,L)) corres-
ponding to XXX = 10, 25, 50, and 90 (i.e., WTC = 0.10,

0.25, 0.50, and 0.90). For XXX = 100, set RXXX(K,L)

UPRADC(I I).

C'. Nadir Angle Loop ',J=1,NNADIR) Completion
After completing the wavenumber and azimuth loops, compute aver-

age, aver azimuth angles K at wavenumbers L=1,NWAVEJ; nadir
angle J; and altitude I (or IKM for clouds).

NAZI

UPRADA(I,J,L) = (1/NAZI) UPRAD(K,L)

K=1

NAZI

RXXXA(IKM,J,L) = (1/NAZI)ZE RXXX(K,L)

K=1

XXX = 10, 25, 50, 90, 100

D'. Altitude Loop (I=1,NALTJ) Completion

After completing the nadir loop, compute averages over nadir
angles J at wavenumbers L=I,NWAVEJ and altitude I (or IKM for

clouds):

NNAOIR

UPRADN(I,L,JBAND) = (1/NNADIR) E UPRADA(I,J,L)

J=1

NNADIR
ARCVN(IKM,L) = (1/NNADIR) E ARCVA(IKM,J,L)

J=1
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NNADIR

RXXXN(IKM,L)-- (I/NNADIR) r RXXXA(IKMJ,L).

J=1

Since the inclusion of the index JBAND was a 'ate change, we

elected not to modify the arrays ARCVN(IKM,L) ar~d RXXXN(IKM,L)

to provide for an explicit dependence on the index JBAND as we

did for the array UPRADN(I,L,JBAND). This limitation must be

remembered and removed if JBAND >1 and if clouds are included,

unless one adopts the GRC definition of UPRADN(I,L,JBAND), i.e.,

UPRADN(I,L,JBAND) = RO5ON(IKM,L) + ARCVN(IKM,L).

6-3 OTHER ROUTINES IN UPWELLING NATURAL RADIATION MODEL

Subroutine UPWELL, the principal routine in the Upwelling Natural

Radiation Model, makes a number of calls as shown in Figure 6-4.

6-3.1 SAI Routines

The calls to the left of the vertical line in Figure 6-4 are related

to the Natural Cloud Model. Subroutine GEOXYZ has been discussed in Section

5-4.1. Subroutine XMIT is described in Table 7-3a. The routines CFLOSF,

CLDWT, SORTLJ, and LINEAR are part of the Natural Cloud Model; listings of

them are in Volume 24 and brief descriptions of them are given here in Table

7-3a. Note that the listing of SORTLJ given here in Section 8 differs in an

essential aspect from that in Volume 24 and must be used with the NBR Module

(the listing in Volume 24 is satisfactory for its use there).

The routines AGAGEO, GEOREA, GEOTAN (called by GEOREA), REATAN

(called by AGAGEO), and TANGEO (called by AGAGEO) provide coordinate transfonna-

tions. They art described in Table 7-3a. Their input and output variables

are given in Tables 6-3 through 6-7, respectively.
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Table 6-3. Input and output variables for Subroutine AGAGEO.

INPUT VARIABLES

Argument List

HAI, - Altitude, colatitude, and east longitude of Point 1.
GC1, (cm, radians, radians)
GLI

AZ21, - Azimuth angle and geocentric angle of Point 2 relative
GA21 to Point 1. (radians)

HA2 - Altitude of Point 2. (cm)

OUTPUT VARIABLES

Argument List

GC2, - Colatitude and east longitude ot Point 2. (radians)
GL2

Table 6-4. Input and output variables fo- Subroutine GEOREA.

INPUT VARIABLES

Argument List

HAl, - Altitude, colatitude, and east longitude of Point I.
GCI, (cm, radians, radians)
GLI

HA2, - Altitude, colatitude, and east longitude of Point 2.
GC2, (cm, radians, radians'
GL2

OUTPUT VARIABLES

Argument List

SR21, - Slant range, elevation, and azimuth of Point 2 relative
EL21, to Point 1. (cm, radians, radians)
AZ21
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Table 6-5. Input and output variables for Subroutine GEOTAN.

INPUT VARIABLES

Argument List

HAl, - Altitude, colatitude, and east longitude of Point 1.
GC1, (cm, radians, radians)
GL1

HA2, - Altitude, colatitude, and east longitude of Point 2.
GC2, (cm, radians, radians)
GL 2

OUTPUT VARIABLES

Argument List

XE21, - X, Y, and Z coordinates of Point 2 relative to Point 1. (am)
YN21,
ZV21

"Table 6-6. Input and output variables for Subroutine REATAN.

INPUT VARIABLES

Argument List

SR, - Slant range, elevation angle, and azimuth angle of.Point P.
EL, (cm, radiars, radians)
AZ

OUTPUT VARIABLES

Argument List

XE, - X, Y, and Z coordinates of Point P. (cm)
YN,
ZV

inU
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Table 6-7. Input and output variables for Subroutine TANGEQ.

INPUT VARIABLES

Argument List

HAI, - Altitude, colatitude, and east longitude of Point I.
Gd1, (cm, radians, radians)
GL 1

7121, - X, Y, and Z coordinates of Point 2 relative to Point 1. (an)
YN21,
Z V2 1

OUTPUT VARIABLES

Argument List

HA2, - Altitude, colatitude, and east longitude of Point 2.
GC2, (cm, radians, radians)
GL 2

6-3.2 G.E. Tempo Routines (TRNSCO, ATI4RAD, TRANS)

Three very important routines called either directly or indirectly by

Subroutine UPWELL are Subroutines TRNSCO, ATI4RAD. and TRANS. A brief descrip-

tion of the purpose of each of these routines is included in Table 7-3a. We

have summnarized their input and output variables here; Subroutine TRNSCO

(Table 6-8), Subroutine ATMRAD (Table 6-9), and Subroutine TRANS (Table 6-10).

Ewing et al. have given briefer statements about two oi t' routines in Volumle

31: TRNSCO (p. 75) Eind TRANS (p.72, with fl ow chart on p. 723).
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Table 6-8. Input and output variables for Subroutine TRNSCO.

INPUT VARIABLES

Argument List

For 1=1,3

RX(1), - Location vectors of Points X, Y, and Z wich, respectively,
RY(I), are typically but not necessarily the locations of the
RZ(I) detector, scattering site, and source. (cm.)

LBINT - Word-5 (LHV) in GRC Dataset-B!' (No. 114), List of Band-
Interval Datasets (01). Strictly, LBINT is the pointer
(i.e., contains the (Q-array) address) for the List Header
of the Band-Interval Datasets-BI corresponding to Dataset-
8N.

RADSW - Logical variable serving as option switch for atmospheric
volume emission calculation.
=.TRUE., Include call (from Subroutine TRNSCO) to Sub-

routine ATMRAD.
=.FALSE., Bypass call to Subroutine ATMRAD and perform

transmittance calculation in Subroutine TRNSCO
without air emission.

Dataset-BI (Band-Interval Dataset No. 115)

Q(1) = BNLO BI, - Low and high wavelengths for wavelength-band-index
Q(2) = BNHI BI J. (pm)
Q(3) = WLO 81, - Low and 1 high wavenumbers for wavelength-band-index
Q(4) = WHI B1 J. (cm")

XYZCOM Common

LTMTE - Binary file containing the band-model parameters rhich were
derived in Subroutine TRANSB from the basic 5-cm reso-
lution data. Here in Subroutine TRNSCO, File LTMTE is
rewound for use in Subroutine TRANS.

OPTION Common

TRNSOPT Logical variable affecting complexity of molecular trans-
mittance calculation (see Tables 7-8 and 6-10 for Sub-
routines TRANSB and TRANS). In Subroutine TRNSCO, TRNSOPT
is used only in the argument list for the call to Sub-
routine TRANS, a call that occurs only if RADSW .FALSE.,
which is not the case in the NBR Module.

(continued)
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Table 6-8. Input and output variables for Subroutine TRNCC. (Cont'd).

OUTPUT VARIABLES

Description of the output requires caveats.

1. In the (rare) event the path should not intersect the shelled-atmo-
sphere, then initialized values of Word-5 (if RADSW -. TRUE.),
Word-7, and Word-8 of Dataset-BI are explicitly set here in Sub-
routine TRNSCO.

2. In the usual event that the path does intersect the atmosphere,
there are two cases to consider:

2.1 RADSW = .TRUE. (Applies to NBR Module)

Subroutine ATMRAD is called to evaluate Words-5, -7, and -8 of
Dataset-BI, but this dataset is not called here in TRNSCO and thus
is not explicitly available in TRNSCO.

2.2 RADSW = .FALSE. (Does not apply to N3R Module)

Subroutine ATMRAD is not called. Hence, the calls that ATMRAD makes
to get the transmittance calculations done must be made here in
TRNSCO. In this case, Word-7 and -8 of Dataset-3I are explicitly
avail able.

Definitions of Word-5, -7, and -8 of Jataset-Bl follow.

Q(5)=BKGND 8I - In-band-interval radiance (due to atmospheric
emission) over the entire path length (which should
have 1-leg and not 2-legs). [W/(cm sr band-interval)]

Q(J)=TRANS BI - Product of 'tolecular and aerosol transmittances over
the entire path length.

Q(3)=IDSBX 31 - Aerosol transmittance over the entire path length.

Note: This is a temporary use of Word-S (and not the GRC dictionary
use of Word-8). Here it is used to carry information to Sub-
routine JPWELL.

QNCNC Common

NCN - A variable set to NC and made available to Subroutine
UPWELL tu facilitate being able to use zero-kilcineter
altitude in the E-3R Module. For more information, see
cornents preceding label number 22 in Subroutine JPWELL.
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Table 6-9. Input and output variables for Subroutine ATMRAD.

INPUT VARIABLES

Argument List

LOGIC - Logical variable.
=.TRUE., On first entry (for first path segment) from

Subroutine TRNSCO (and is reset to .FALSE. in
ATMRAD).

=.FALSE., On subsequent entries along the same path,

ISHELL(1), - INDXtI) and INDX(I*1) in call from Subroutine TRNSCO.
ISHELL(2)
ISHELL(3) - Used in evaluating the logical variable TEST. ISHELL(3)

will typically be equal to INOX(I+2), a positive quantity
except on the last call to ATNRAD when the last path-
segment is being treated, at which time ISHELL(3) will
become equal to INDX(NC+1) which had been set to U in Sub-
routine STEP.

XFRAC(1), XFRACS(I) and XFRACS(I+1) in call from Subroutine TRNSCO.
XFRAC(2) To help understand the values and uses of XFRACS('), (1)

recall that the total path has NC-i segments and NC end
points of these segments and (2) see Table 5-8 for Sub-
routine STEP.

DS DS(I+1) in call from Subroutine TRNSCO.
Note: It is always true that DS(i)=O and OS(NC+I) = -1.0,
where NC is the number of path segments plus one. ATMRAD
will not be called with IGNC. (cm)

LBINT Word-5 in GRC's Dataset-BN (No. 114). Strictly, LBINT is
the pointer (i.e., contains the (Q-array) address) for the
List Header of the Band-Interval Datasets-Bl corresponding
to Dataset-BN.

XvzccMi Common

FACT - Path resolution factor controlling the number of altitudes
and spacing used in Subroutine SHELLS. See Table 7-9 for
Subroutine SHELLS. Here in Subroutine ATMRAD, FACT is used
to set TOL, which is used to test temperature differewes
across cells.

(conti nued)
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Table 6-9. Input and output variables for Subroutine ATMRAD (Cont' d).

For J=lNS

HSHELL(J), - Altitude and temperature at boundary-J. (H2,HELL(1)=O.O)
TS(J) (cm, deg K)

For I1l,2; N=1,10

U(I,N,2), Cumulative values of path parameters U (areal density) and
UP(I,N,2) UP (product of U and pressure P) for temperature-index-Iand species-N at end of line segment DS.

(cm at STP, atm-cm at STP)

mNMOLS Number (10) of molecular species in molecular transmittance
model.

LTMTE- Binary file containing the band-model parameters_4Pich were
derived in Subroutine TRANSB from the basic 5-cm resolu-
tion data. Here in Subroutine ATMRAD, File LTMTE is
rewound for use in Subroutine TRANS.

OPTION Common

TRNSOPT - Logical variable.affecting complexity of molecular trans-
mittance calculation (see Tables 7-8 and 6-10 for Sub-
routines TRANSB and TRANS). In Subroutine ATMRAD, TRANSOPT
is used only in the argument list for the call to Sub-
routine TRANS.

Dataset-BI (Band-interval Dataset No. 115)

QMI)ýBNLO BI, - Low and high wavelengths for wavelength-band-index J.
Q(21)BNHI BI (Vm)
Q(3)=WLO BI, - Low fnd high wavenumbers for wavelength-band-index J.
Q(4)=WHI BI (cm-)

OUTPUT VARIABLES

Dataset-BI (Band-Interval Dataset No. 115!

Q(5)=BKGNO BI - In-bang-interval radiance to back of cell-DS.
(WI(cm sr ba:,d-interval)f

Q(7)=TRANS BI - Product of cumulative molecular and aerosol transmit-
tance to back of cell-DS. (dimensionless)

(continued)
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Table 6-9. Input and output variables for Subroutine AThRAD (Coat'd).

Q(8)=IDSBX BI - Cumulative aerosol transmittance to back of •ell-DS.

Note: This is the second of two temporary uses of Word-8 (and not the
GRC dictionary use of Word-8). Here, it is used to carry
information to Subroutine UPWELL.

Table 6-10. Input and output variables for Subroutine TRANS.

INPUT VARIABLES

Argument List

NTEMP - Number of temperatures in the atmospheric transmittance
model (set to 10 in call from either Subroutine ATMRAD or
TRNSCO).

M - Index for mode of transmittance calculation. Could be 1,
2,....,15. Within the NBR Module (where TRANS is called
from ATMRJAD, TRNSCO, and UPWELL), M is always 1. (in calls
from Program E4ISCAT, M is 1, 2 and is allowed values up to
15,) In Subroutine TRANS, M being 1 limits use of the U
and UP arrays to their first-half values. This is consis-
tent with the fact that within the NBR Modutle, Subroutine
TRANS is always called with M set to 1, U set to u(1,1,2),
and UP set to UP(1,1,2). This is also true for Calls with
M=1 from Program L'MISCAT. but there, when M-2, the calls
are with U and UP, i.e., the entire arrays.

For 1=4,NTEMP; N=I,NSPEC

U(I,N,1), - Path parameters U (species-N areal density) and UP
UP(I,N,1) (product of U and pressure P) for temperature-index I and

species-N. (cm at STP, atm-cm at STP)

FK(M) FK(M) is used only if M-3. In the NBR Module, M is always
1. (But for those calls with M-3 from Program EMISCAT,
FK(M) is a set of weights used lo partition the path
element.)

(continued)
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Table 6-10. Input and output variables for Subroutine TRANS (Cont'd).

WDL, - Lowest and highest wavenumber in the detector interval being
WDH used for which the transmittance is to be c~otputed. (cmi

FAST - Logical vdriable determining complexity of transmittance
calculation. In calls to Subroutine TRANS (from Sub-
routines ATMRAD, TRNSCO, and UPWELL within the ;B3R M$odule
and from. Program EMISCAT outside the NBR Module', FAST is
set to TRNSOPT.
=.TRUE., Transmittance is based on single-level groups and

statistical bands.
=.FALSE., Transmittance is based on multiple-level groups

and random Elsasser bands.

In addition, note that for TRNSOPT=.TRI., Subroutine
TqANSB develops the band-model parameters for the user
inter,.al of interest and Subroutine TRANS uses these band-
model parameters to compute the transmittance and optical
depth for the sarne interval. But for TRNSOPT=.FALSE.,
Subroutine TRANSB develops band-model parameters for an
interval witn (probably but nt necessarily) higher resolu-
tion than the user interval. Thu;, to obtain the trans-
mittance and optical depth for the user interval, Sub-
routine TRANS first computes the optical depth (XS ) and
transmittance [expk-XS-f] for the higher-resolutioA inter-
val j and then obtains the transmittance [TAJ(IS)l ant
optical depth [ABC(IS)] for species-IS in the user interval
by using the following expressions to perforn the weighted
sum over those higher- resolution intervals overlapping tne
user interval.

"TAU (IS) ýY-F exp(-XS.)

III

IIn LTAU(IS)i for 1.4 -) TAJ(IS) < 0 9999

IZF• XS. otherwise.

These formulas are not given in Volume 2,1.

For additional info.mation rogarding the consequences for
Subroutine IRAIIS due to the two possibilities for TkANSOPT
in Subroutine TRAJISB. see Table 7-3 for Subroutine TRANS6.

(continueo)
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Table 6-10. Input and output variables for Subroutine TRANS (Cont'd).

FILPOS Position of file LTMTE. Set to 1.E-+04 in calls from Sub-

routine TRNSCO and ATMRAD.

XY Common

For 1=1,10

TT(1) - Temperature array in atmospheric transmission model.

XYZCOM Common

TMTE - Binary file containing the band-model parameters - hich were
derived in Subroutine FRANSB from the uasic 5-cm resolu-
tion data. Equivalenced (in Subroutine TR.ANSB) to TAPOT,
for which definition see Table 7-8 for Subroutine TRANSB.

For each read of File LTMTE, the 202 words are stored as:

WTL, - Lower and higher wavenumbers of interval. (cnm1
WTH

For 1=Q,10; N=1,10

SOD(IN), - Mean absorption coefficient and inverse of mean line-spacing
DEI(I,N) parameter (or the effective line density) for species-;. at

temperature-indpx-I for •he wavenumber interval (WTL,WTH).

[i/cm at STP, lines/(cm- )]

N'$PEO-C NMOLS, the number (10) of species in the molecular trans-
m i ttance model .

OUTPUT VARiABLES

Argument Li st

.or N ,1-NSPFC; 11=1,15 but '1ý1 for NBR Module

(A.I(N,1 ) - Transm;ttance for species-N. (dimensionless)
4304 M,) - Optical depth fnr species-N. (dimensionless)

TTBL(M) - Moleculdr trAnsmittance of all the ,pecies for mode-M.
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SECTION 7

NATURAL BACKGROUND RADIATION (NBR) MODULE

7-i INTRODUCTION

The NBR Module is defined to be a complete computer program which

integrates nine ROSCOE-IR models into a consistent, stand-alone module

similar to the way it exists in the ROSCOE-IR Program - for the purpose of

developing and testing the capability to compute the natural upwelling

spectral radiance as a function of altitude. Table 7-1 provides a guide to

the nine modules so integrated; we also include the Dynamic Storage Allocation

(DSA) System [SP-78] because it plays such an important role and it is an

entity integrated into the NBR Module.

Table 7-1. Guide to modules integrated into the NBR Module.

Model ROSCOE Manual
Title Number Developer Vclume Number

Ambient ktmosphere la SAI/LJ 1.Aa-I,14c
Atmospheric Aerosols ic, 19:1c VI 25
Natural Clouds id, 19:1d SAI/PA 24
Atmospheric Thermal Emission 20b GET 28,31
Molecular Transmittance 24d GET 28,31
Earth Surface Characterization 23a SAI/LJ Ž7, Sect. 2,3
Earth Surface Radiance 23b SAI/LJ 27, Sect. 5

Upwelling Natural Radiation 23c SAI/Lj 27, Sect. 6
"Solar Radiation 23e SAIýLJ 27, Sect. 4
DSA System GRC

awe have used a G.E. Tempo versicn.
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7-2 GENERAL CODING INFORMATION FOR NBR MODULE

7-2.1 Routines in NBR Module

Table 7-2a lists all the (non-DSA) routines used in the NBR Module.

Those routines from the DSA System [SP-78] we have used in the NRR Module are

listed in Table 7-2b. In Table 7-2a, each of the routines is annotated by a

letter, defined in the footnotes, which identifies either the module or a

category to which it belongs.

7-2.2 Calling Structure of Routines

The essential relationships between all of the routines in the NBR

Module are shown in Figure 7-1; however, we have omitted all the DSA routines

except for QINITL which we include as a reminder that the DSA system is there.

Calls to the left of the heavy vertical line are those required for inclusion

"of the statistical cloud submodel.iiA

In addition to the routine names in Figure 7-1, we include annota-

"tions to enhance the utility of the diagram. Near the top of the figure, a

dashed line divides the initializing calls from those made later while looping

over the spectral bands. The T (for TRUE) besides the SUN-hexagon means the

indicated call is made if the sun is present (above the horizon). Vectors V.

P,• i' and §, refer, respectively, to positions for (a) the (fictitious) view-

ing point at which the upwelling radiance is being calculated, (b) a repre-

sentative point on the Earth's surface toward which the (fictitious) detector

at Point V is pointed, (c) the intersection of the detector's line-of-sight

with the 12-km altitude surface (the highest altitude of cloud tops), and (d)

the sun. Vectors such as `3S denote paths joining the indicated points. The

indices I,J,K,M, and L are, respectively, those for altitudes, nadir angles,

azimuth angles, broad-bands (from Datasot-BN), and band-intervals within a

broad-band (from Dataset-BI). On the second and third pages of Figure 7-1,
the indices I,J,K, and L head columns of entries which ire either 1 or - 1.

Each row of such entires is correlated with the call to a routine (or a set of

routines) on the same line. Such entries dennte the values nf the indices for

which the call is made to achieve maximum econriy.
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Table 7-2a. Routines in the Natural Background Radiation (NBR) Module.

Routine Commrent* Routine Comment Routine Comment

ACCUM T GEOREA X SOLVE A
AEROSOL P GEOTAN X SOLZEN A
AGAGEO X GEOXYZ X SORTLJ C
ATMOSU A C,T,E GLITTR E SPCMIN A
ATMRADC lT H20SVP A STEP T
BESSO C IONOSU A STEPS T
BK CDATA C JULIAN A SUBVEC T,V
CANGLE E LINEAR CE SURPAD E
CFLOSF C OZONE A TAIR C
CLDBDR a C PATH T TANGEO X
CLDGEOM C PLANCK T,E TEMPZH A
CLDWT C RATCOF A TRANS _ T
CLOUDO C REA rAN X TRANSB T
DOT IT,V RHOEPS C TRANSF C
DRVUPW U RINOUT E TRNSCO T
E.MISSF C SEGMENT T UNITV c ,V
ERF E SETALT U UPWELL U
ESURF E SGEOM C VLIN T,V
FITTER A SHELLS T WATER A
FRAC T SOLCYC A WVOPý A
FRESNL E SOLORB A XMIT T
GCRCLE E SOLRAD S ZTTOUT A

A Routine from Ambient Atmosphere Module.
C Routine from Statistical Subrnodel of Natu'-al Cloud Module.
E Routine from Earth Surface Characterization and Radiance Module.
P Routine from Atmospheric Aerosols Module.
S Routine from Solar Radiation Module.
T Routin,2 from Atmospheric Thermal Emission and Molecular Transmittance

Molul es.
U Routine from Upwelling Natural Radiation Module.
V Routine for relations between vectors.
X Routi.ie for transformation of coordinates.
a A dummy routine to simulate that from the Detenninistic Submnodel of the

Natural Cloud Module which, though loaded to satisfy externals, is not
otherwise used.

b This rovtine is a FORT.RAN-language version, prepared by L. Ewing, of the
COMPASS-language routine used in the GRC DSA System. Here, it is used
independent of its role in the DSA System.

c Employs the DSA System.
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Table 7-2b. Routines from the DSA System used in the NSR Module.

CREATE p"a NEXTP b QCREAT QGCBLK QZBLOK

CREATX NLOKDS QDSRED QGDBLK REMOVE
DSPWRDp PUTAFT QDSRYT QGRBAG WIPDUTp

DSTROYp PUTBOTp'c QERROR QGTZWD XMITp

BNDWRDp PUTORDd QFIELD QIITLp

LOCKDSp QCEASt QFLDST QPTZWD

PPrimary calls.

a Has entry point CREATLp.

bHas entry points PREVp and PREVNLp.

CHas entry point PUTTOPp.

dd as entry point PUTORAp.

7-2.3 Description of Routines: Function Performed, Oriqinator, and Loca-
tions of Listing and Input-Dutput Table

In Table 7-3a, for all the (non-DSA) routines in the NBR t codule (as
listed in Table 7-2a), we provide a short description of the routine's func-

tion. We also identify (a) the oroanization (if not SAI) originating the
rouLine, (b) the number of the volume in the 'OSCOE Manual containing a list-

ing of the routine, and (c) the number of the table in Volume 27 when we have
summarized the inputs and outputs for the routine.

In Table 7-3b, we provide a short description of those DSA routines
wthich are called directly from the NBR Module.
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Table 7-3a. Description of routines in NBR Module: function performed,
originator, and locations of listing and input-output table.

Routine Function performed

ACCUM Integrates (between X=A and X=B) a function F(X) given at two
points XI and X2, by using linear, logarithmic, or power-law
interpolation, corresponding to specified ITYPE = 1,2,3, respec-
tively; uses linear interpolation in case the other methods would
fail. (GET routine; listing in Vol. 27.)

AEROSOL Computes attenuation coefficients for scattering and absorption
(and, though not used in the NBR Module, the asymmetry factor
(average cosine of the scattering angle)) due to atmospheric
aerosols, given the altitude and wavelength. (VI routine; see
Vol. 25 for original routine which differs slight) from ours in
Vol. 27. Input-output in Table 5-4.)

AGAGEO Provides the geographic coordinates (colatitude and east longi-
tude) of Point 2, given the geographic coordinates of Point 1,
the azimuth and Earth-central angle of Point 2 with respect to
Point 1, and the height of Point 2. (A modified MRC HARC
routine; listing in Vol. 27. Input-output in Table 6-3.)

ATMOSU Computes the properties of the undisturbed atlmosphere, giver the
altitude (ZH), after the associated subroutines compute the local
apparent time (HL), solar flux (SBAR), and day-or-night parameter
(IMORN). (Listing in Vol. 14a-1.)

ATMRAD Computes the abnospheric volume emission on an optical path.
(GEl routine; listing in Vol. 27. Input-output in Table 6-9.)

BESSO Provides the zero-order cylindrical Bessel function per Formulas
9.4.1 and 9,4.3 in AS-b4 (Listing in Vol. 24.)

3KDATA Provides (1) for 14 cloud types, their (a) base altituoe, (bi
CDTA thickness, (c) water droplet radius, (d) water droplet density,

and (e) optical scattering properties (extinction and scattering
cross-sections and mean cosine of scattering angle) at 1,j wavt--
lengths in the 2- to 5-.m range, and (2) for Regions 4 and ',I in
the NASA cloud-data base, (a) the statistical-cloud inde,. (n)
occurrence frequencies of cloud types, and (c) occurrence fre-
quencies of number of cloud layers. (Listing in V0l. .4.)

CANGLE •Couttes the Earth-central angle (A-,LE) between the two central
rays to Points Pi and P2, given the north 1 3titudes and east
longitudes of Points P1 and P?. (Listing in iol. 2". :n'i t-
output in Table -,i
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Table 7-3a. Description of routines in NBR Module: function performed,
originator, and locations of listing anO input-output
table (Cont'd).

CFLOSF Computes the probability of a cloud-free line-of-sight (CFLOS) as
a function of the cloud coverage (expressed in tenths) and zenith
angle of the LOS from tie ground. (Listing in Vol. 24.)

CLDBDR Provides bhe bidirectional reflectance (i/sr) of a plane, semi-
infinite stratocumulous (KCLOUD-4) cloud for a photon of wave-
length ALAM incident at zenith angle THIN = ACOS(CTHIN) and re-
flected at zenith angle THOUT = ACOS(CTHOUT) and azimuth angle
PHIOUT = ACOS(CPHIOUT'. (Listing in Vol. 24.) Known as ALBEDC
in ROSCOE-IR.

LODWT Computes (for a given source and detector location) three arrays
(TRANS, FMISS, and WT), each with IDX members (normally 160).
The TRANS and EMISS arrays are, respectively, (1) the distribu-
tion of irradiance-to-radiance transfer coefficients (1Isr) at
the 12-km altitude transfer point for clouds and (2) the distri-
bution or (attenuated) spectral cloud-emission radiatices at 12-km
altitude and directed toward the detector. The WT array is tte
set of weights associated with the set of statistical cloud con-
figurations, influenced by cloud-coverage fractions and cloud-
free line-of-sights from the detector. (Listing in Vol. 24.)

CLOUDO Reads (a) a flag (MODE) indicating by a value of u or I whether
the deterministic- or statistical-cloud submodel is desired, (b)
cloud data appropriate to the indicated submodel and makes themi
available to the appropriate routines. For MODEm1, the routine
reads an index KMODEL which selects data from that in the code or
allows the user to input his own data. Other flags are read
which allow selected portions of the provided data to be over-
ridden. These user-provided data are output through CLDFRQ and
CONFIG Commons and override data in BLOCK DATA COATA. (Listing
in Vol. 24.)

WOT Computes the dot product of two vectors. (GBT, GRC routine;
listing in Vol. 27.)

DRdUPW Drives, and provides a means for testing, the NbR Module, by
accepting the necessary input data for each of the modules (see
Table 7-1) integrated into the NBR Module and printing selected
results. (Listint in Vol. 27.)

E11SSF Computes the (attenuated) spectral radiance dt 14-km al titudle
for radiation emitted (at a specified zenith )r-1le) from. a C1Iul
top at a specified altitude. (List:ng in Vo0. Ž4.)



Table 7-3a. Description of routines in NBR Module: function performed,
originator, and locations of listing and input-output
table (Cont'd).

ERF Evaluates the error function, based on the rational-approximation
Formula 7.1.2.6 in AS-64. (Listing in Vol. 27.)

-,SURF Provides the bidirectional reflectance-distribution function
(BRDF), directional emissivity, and temperature of the Earth's
surface at the intersection point of the optical line-of-sight
with one of the seven allowed categories of surface materials.
(The surface temperature is approximated by using the atmospheric-
"model temperature.) (Listing in Vol. 27. Input-output in Table
2-12.)

FITTER Computes, by the method of least squares, the coefficients 7(J)
(J=1,N) in a polynomial of degree N representing the dependent
variable Y(I) (or, optionally, its natural logarithm) specified
(and given equal weights) at NPTS values of the independent vari-
able X(I). (Listing in Vul. 14a-1.)

FRAC Computes the fraction of interval (A,B) either contained in in-
terval (X,Y) if (A,B) < (X,Y) or covered by interval (X,Y) if
(A,B) > (X,Y). (GET routine; listing in Vol. 27.)

FRESNL Evaluates the Fresnel (specular) monochromatic reflectance of a
smooth water surface (characterized by a complex index of refrac-
tion), given the wavelength (in the 2- to 5-urm range) and angle
of incidence. (Listing in Vol. 27. Input-output in Table 3-4.)

GCRCLE Computes, for three Points P1, P2 and P3 on a great circle, the
latitude and longitude of the intermediate point P2, given the
latitudes and longitudes of the end points PI and P3, the central
angle ALP13 between the central rays to P1 and P3, and the cen-
tral angle ALPI2 between the central rays to PI and P2. (Listing
in Vol. 27. Input-output in Table 3-5.)

GEOREA Provides the slant range, elevation angle, and azimuth angle of
Point 2 with respect to Point 1, given the geographic coordinates
(altitude, colatitude, and east longitude) of the two points. (A
modified MRC HARC routine; listing in Vol. 27. Input-output in
Table 6-4.)

GEOTAN Provides the tangent-plane coordinates of Point 2 with respect to
Point 1, given the geographic coordinates (altitude, colatitude,
east longitude) of the two points. (A modified MRC HARC routine
called GEOXYZ; listing in Vol. 27. Input-output in Table 6-5.)

(continued)
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Table 7-3a. Description of routines in NBR Module: function performed,
originator, and locations of listing and input-output
table (Cont'd).

GEOXYZ Converts the geographic coordinates (altitude, north latitude,
east longitude) of a point to Earth-centered Cartesian coordi-
nates. (Listing in Vol. 27. Input-output in Table 5-3.)

GLITTR Provides, upon being called from Subroutine ESURF when the line-
of-sight intersects a water surface, (la) the bidirectional re-
flectance-distribution function (BRDF) and (1b) directional
emissivity of the water surface at the intersection point of the
optical line-of-sight from the detector and (2) the geog'aphic
coordinates (north latitude and east longitude) of the point on a
smooth horizontal surface for a specular reflection of a ray from
the source to the detector, if requested (by logical parameter
SPCULR=.TRL.E. in argument list). Only the directional emissivity
is provided if there is no source. (Listing in Vol. 27. Input-
output in Table 3-2.)

H2OSVP Computes the saturation vapor pressure of Aater vapor over a
plane surface of (1) water for the tenperature range from 173.15
to 373.15 deg K (-100 to +100 deg C' and (2) ice for the tempera-
ture range from i73.15 to 273.15 deg K (-100 to 0 deg C).
(Listing in Vol. 14a-1.)

IONOSU Provides the properties of the ambient ionosphere required by all
the chemistry modules. (Listing in Vol. 14a-1.)

JULIAN Converts a Iregorian calendar date to Juliar. day number DAYJ for
Subroutine SOLORR. (Listing in Vol. 14a-1.)

LINEAR Performs a linear interpolation to find FXO at a given X3, given
the independent variaole array XXII) and the corresponding depen-
dent variable array FXX(I). FXO is set to zero if AO is not
within the range of XX(M). An efficient search is used.
(Listing in Vol. 24.)

OZONE Computes the latitude and season dependence of ozone for alti-
tudes from 0- to 55-km. (For hioner altitudes, see Subroutine
SPCMIN.) (Listing in Vol. 14a-1.)

PATH Develops the cumulative values of the oath parameters J(!,N,2)
(species-N dreal density) and uJP(I,N,2) (product of U and pres-
sure P) for temperature-index I and species N at end of line
segment OS(J+H), expressed, respectively, in cm at STP and 3 atm-ý:m
at STP (if Loschmidt's number is expressed in molecules'crr •t
S10). Incremental values are obtained from Subroutine SEGMENT.
(GET routine; iisting i, 'v.ol. 2•,. " -n•.., -o. t..ut in Table 5-5.)

(continuea)
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Table 7-3a. Description of routines in NBR ;4odule: function performed,
originator, and locations of listing and input-output
table (Cont'd).

PLANCK Computes the blackbody spectral radiance. (GET routine: listing
in Vol. 27. Input-output in Table 5-b.)

RATCOF Provides the rate coefficients needed for the E- and F-region
ionosphere model used in ROSCOE-_I. (Listing in Vol. 14a-i.)

REATAN Provides the tangent-plane coordinates of a point with respect to
some reference location, given the slant range -levation anjle,
and azimuth angle of the point with respect to •ne same rofererce
location. (A modified MRC HARC routine called REAXYZ; listing in
Vol. 27. Input-output in Table 6-6.)

RHOEPS Computes the hemispherical-directional reflectance from the khori-
zontal) surface of cloud-type 4 (stratocumulous) for radiation of
•,ýavelength . reflected into zenith angle ý. (Listing in Vol. 27.)

RINOUT Computes - when given the geographic location (aititude, north
latitude, east longitude) of the sources (sun ando;r fireballs),
the detector, and the position P of the intersection of the line-
of-sight from the detector to the Earth's surface - the zenith
angles and slant ranges of the sources from P and the direction
of the ray from P toward the detector in terms of the zenith
angle of the detector and (if the surface is not Lambertian
('.!AT=l) or water ({CAT=2)) the absolute value of the azimuth
angle of scatter with respect to the principal plane containing
the incoming ray. (Listing in Vol. 2?t. input-output in Table
5-2.)

S EG ME NT Computes the incremiental values of the .ath parameters oiu(I ,N)
and DUP(I,N), for temperature-index I ane species N, for the line-
segment DS, based on a linear variation of tie properties in L.
Units are, respectively, cm at STP and atm-cm aý STP (if
Loschmidt's number is e)pressed in nolecules.cm at STP). Cunula-
tivc values are fanned in Subroutine PATH. 'GET routine: listipr<
in Vol. 27. Input-output in -3ble 5-7.)

SETALT Determines the altitudes at which Subroutine JPmELL computes the
'upwelling natural radiation. A set of characteristic altitudes
has been previously selected for each of the 1' spectral 'ins
spanning the 2- to 5--m ranoe. If tne 6avelengtn-band of
interest (ALMIN, ALNWAX) spans more than one Win, a set of alti-
tudes is obtained by combining those f.r each of the sparnet
bins (Listing in Vol. 27. :nput-outpiit in Taz.le
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Table 7-3a. Description of routines in NBR Module: function performed,
originator, and locations of listing and input-output
table (Cont'd).

SGE-I Computes the geometrical relations between a rource, (statis-
tical) cloud layer, and detector. (Listing in Vol. 24.)

SHELLS Prepares arrays of physical properties at spherical-shell bound-
aries used in calculating molecular transmittance through the
ambient atmosphere. Properties at each shell-boundary are alti-
tude, temperature, pressurý. and number densities of species
(CH4 , CO, CO, HO, NC, NO , NO2 , N20, 0,, and OH). For infor-
mation, the water content of the atxnosphere above each shell
boundary is also computed, expressed in units of precipitable
centimeters. (Modified GET routine; listing in Vol. 27. Input-
output in Table 7-9.)

SOLCYC Computes the solar flux (SBAR), !±n input to ATMOSU through ATMOUP
Common, based on an assumed sinusoidal 11-year (or 4018-day)
variation, with the maximum value of 250 for SBAR .associate!
with the CIRA-65 Model 9) occurring on I June 195',, 1 June 1969,
I June 1980, etc. and with the minimuo value of V5 for SBAR (asso-
ciated with the CIRA-fiS Model 1) occurring on I December 1963, 1
December 1974, 1 December 1985, etc. (Listing in 'iol. 14a-1.)

SOLORB Com-utes the north latitude (SOLLAT) and east longitude (SfLLON)
o. wne apparent (actual motion) subsolar point, given the Julian
day number at 0 hours UT on 1 January of the year of interest
(YRFJ), the Julian date at which vernal equinox occurs (VEQJ),
the Julian day number at 0 hours on the day of interest (DAYJ),
and the universal time (UT). (Listing in Vol. 14a-1.)

SOLRAD Provides the solar spectral irradiance at the top of the Earth's
atmosphere, in the spectral range from 2- to 5-:,m (or 5000- to
2000-wavenumbers). The NASA data adopted by the ASTM have been
fitted by piecewise-continuous power-law expressions. (Listing
in Vol. 27. Input-output in Table 4-2.)

SOLVE Solves a set of .4 simultaneous linear algebraic equations by
using the Gauss-Jordan method with maximum pivot feature.
(Listing in Vol 14a-1.)

SOLZEN Computes (1) the cosine of the zenith angle of the sun at a Point
P (COSCHI), given the geographic north latitude (PLAT) and east
longitude OPLON) of the Point P and tjiz north latitude (SOLLAT)
and zast longitude (SOLLON) of the subsolar point, (2) the day-or-
night parameter (IDORN), which is I if COSCHI 0 U.0 3nd U other-
wise, and (3) the local apparent time (HL), from the Greenwich
apparent time (GAT) and the longitude PLON. (Listinq in Vol.
14a-1.11

(continued)
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Table 7-3a. Description of routines in NBR Module: function performed,
originator, and locations of listing and input-output
table (Cont'd).

SORTLJ Sorts an array A of length N from low to high (if LOH! < 0) or
from high to low (if LOHI > 0). Two additional arrays are simply
carried along in the sorting process. (Listing in Vol. 24 is
adequate for use with Clouds Module but listing in Vol. 27 viust
be used for NBR Module.)

SPCMIN Provides analytic-fit profiiTs at all altitudes of the minor
species (N, NO, NO2, 0 0 ( A ), and H 0' not provided by Sub-
routine ATMOSU buhtneeAed gy tle chemisiry modules, by using
tabular data-base species-densities. ýor ROSýOE-IR, als? pro-
vides for CO, N20, OCH, H, OH, HO , N(D), 4 N( P), and 0( ), as
well as revised profides of 03, H'0, N, N( S), and NO. (Listing
in Vol. 14a-1.)

STEP Calculaas the intersections of an optical path with the bound-
aries of the atmospheric shells determined in Subroutine SHELLS.
Path elements less than 10 meters in length are assigned to the
neighboring shell. The output includes (a) the number of path
segments (plus one) on the transmission path, (b) the length of
the path segment along the transmission path, (c) the weight
associated with the Ith end point appropriate for finding at that
point the linearly-interpolated value of the parameter, and (d)
the index of the shell boundary at or just before the start of
the line segment. (GET routine; listing in Vol. 27. Input-
output in Table 5-8.)

STEPS Serves effectively as an entry to Subroutine STEP, given the
optical path defined by its end point vectors RX(1) and RY(1).
(GET routine; listing in Vol. 27. Input-output in Table 5-9.)

SUBVEC Returns the difference between vectors VX and VY, i.e., DVXY
(1-3) z VX(1-3) -VY(I-3). (GET routine, equivalent to GRC
routine with same name and argument list; listing in Vol. 27.)

SURRAD Provides (essentially) the upwelling radiance directed toward the
detector at the point where the optical line-of-sight intersects
the Earth's surface. This version of SURRAD provides two com-
ponent; of the radiance: (1) thermally emitted i;. i (2) source
(sun or fireball) reflected, Reflected sky radiance is not in-
cluded. Strictly, the source-reflected component is actually
provided in an unattenuated form together with the oath param-
eters (species areal density U and UP, with P the pressure),
integrated along the incoming path from the source, required as
input to a computation of the molecular absorption over a total

(continued)
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Table 7-3a. Description of routines in Module: function performed,
originator, and locations of listing and input-output
table (Cont'd).

path. The aerosol transmittance along the incoming path from the
source is also provided. The statistical cloud submodel is also
included; see Subroutine UPWELL for comments. Note that the
input parameters for Point C in POSITN Common and IKM in UPWELS
Common facilitate providing, as additional outputs for the path
from the sun to Point C at 12-km altitude, the patn parameters
UCS and UPCS and the aerosol transmittance TASC(LUP). (Listing
in Vol. 27. Input-output in Table 5-1.)

TAIR Provides, for use within the statistical-cloud submodel, the
molecular Lransmittance for radiation of wavelength ALAM from
altitude ALT to 12 km along a path at zenith angle THETA, by
interpolating results from using the AFGL LOWTRAN- III code with
the 1962 U.S. Standard Atmosphere. (Listing in Vol. 24.)

TANGEO Provides the geographic coordinates of a Point 2, given the geo-
graphic coordinates of Point I and the tangent-plane coordinates
of Point 2 with respect to Point 1 (called Subroutine XYZGEO in
ROSCOE-Radar). (A modified MRC HARC routine called XYZGEO;
listing in Vol. 27. Input-output in Table 6-7.)

TEMPZH Determines the temperature profile (tabular, 0(4)120 km) by inter-
polating the data base (U.S. Standard, 1966) for latitude and
season, to be used as input to the major atmospheric species
model for the low-altitude range from• 0- to 120-km altitude.
(Listing in Vol. 14a-1.)

TRANS Provides the molecular transmittance and optical depth for each
of the ten species and the total molecular transmittance in a
specified wavenumber interval, given the parameters U (cm at SIP)
and UP (atm-cm at STP) for the total transmission path. (GET
routine; listing in Vol. 27. Input-output in Table 5-10.)

TRANSB Processes the 5-cm- resolution band-model parameters file so as
to (1) eliminate the data for the unwanted spectral regions and
(2) derive new parameters with modified resolution in accordance
with the user-setting of the logical varia5l e TRNSOPT. The
method for TRNSOPT set to .TRUE., for faster but less accurate
calculations, provides in-band averaged band-model parameters.
The method for TRANSOPT set to .FALSE., for slower but more
accurate calculations, provides band-model parameters at a finer
resolution, actually 0.5 of the narrowest usey wavenumber band-
interval, but witnin the range of 5 to 50 cm . The two band-
model parameters are (a) S(I,IS), the mean absorption coefficient

(conti nued)
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Table 7-3a. Description of routines in NBR Module: function performed,
originator, and locations of listing and input-output
table (Cont'd).

for species-IS at temperature-index-I for the interval DIW, cm-1

at STP, and (b) DE(I,IS), the inverse of meanjine-spacing paraan-
eter, or the effective line density, lines/cm . (GET routine;
listing in Vol. 27. Input-output in Table 7-8.)

TRANSF Computes a quantity defined in the natural statistical-cloud
submodel as the irradiance-to-radidnce transfer coefficient
(1/sr) or simply the transfer coefficient at the intersection of
"the detector LOS vector with 12-km altitude (known as the trans-
fer point). The transfer coefficient is actually the ratio of a
radiance and an irradiance. The radiance is that directed anti-
parallel to the detector LOS vector and the irradiance is the
(unatten'iated) source irradiance at the transfer point. For d
source above 12-km altitude and far from the transfer point (as
for the sun), the transfer coefficient becomes essentially the
bidirectional reflectance of the cloudtop times the cosine of the
zenith angle of the incident ray. For a source below or within
the clouds (conditions not allowed in NBR Module), the transfer
coefficient depends on the details of the diffusion solution to
the transport of radiation through the clouds. (Listing in Vol.
24.)

TRNSCO Provides, for RADSW=.TRUE. as in the NBR Module, I call to Sub-
routine ATfRAD to evaluate Words-5, -7, and -8 of Dataset-BI (in-
band-interval radiance, product of molecular and aerosol trans-
mittance, and aerosol transmittance). (GET routine, listing in
Vol. 27. input-output in Table 6-8.)

UNITV Returns the unit vector VXHAT(I-3) along the vector VX(I-3).
(GET routine, equivalent to GRC routine with same name and argu-
ment list; listing in Vol. 27.)

UPWELL Computes - for a Point V at each of a set of NALTJ altitudes
above a given geographic position, specified in UPWELS Coriron
(UPWALT, UPWLON, UPWLAT) and chdiracterized bv material M51¶ and
property DD(MSM) - the natural upwelling spectral radiance
directed towards Point V from Points P located on the Earth's
surface with respect to Point V at IJNADIR representative nadir
angles and NAZI representative azimuth angles. This upwelling
radiance, UPRAD(I,J,K,L), includes contributions from (1) air
emission between Points V and P, (2) surface emission at Point P,

(continued)
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Table 7-3a. Description of routines in NBR Module: function performed,
originator, and locations of listing and input-output
table (Cont'd).

and (3) the solar-reflected radiation at each of the Points P.
Values of the radiance UPRAD(I,J,K,L) are averaged over azimuth
angles to give UPRADA(I,J,L) and over nadir angles to give
UPRADN(I,L,JBAND1. For inclusion of natural (statistical)
clouds, distribution functions of the radiance are obtained
instead of the single values in the absence of clouds. Selected
percentiles (10, 25, 50, 90, 100) of the corresponding integral
distributions are output.

Note that for the GRC version of the NBR Module integrated into
ROSCOE-IR, the array UPRADN(I,L,JBAND1 (for altitudes > 12 km and
if clouds are included) is resek, as uPRADN(I,L,JBA14D) = R1050.!
(IKM,L) + ARCVN(IKM,L), which is transferred through UPWELS
Common to (the GRC) Subroutine UPWELT. Thus, in the GRC version,
for altitudes ZKM > 12-km, UPRADN is not the cloud-free result
but the 50-percentile of the radiance distribution function for
statistical clouds (if included in the problem). (Listing in
Vol. 27. Input-output in Table 6-2.)

VLIN Returns the linear combination of two vectors, X(1-3) = A*Y(I-3)
+ B*Z(1-3). (GET routine, corresponds to GRC routine VECLIN with
transposed arguments; listing in Vol.27.)

WATER Computes the longitude, latitude, and season dependence of water
vapor for altitudes from 0- to 45-km. (For higher altitudes, see
Subroutine SPCMI..) (Listing in Vol. 14a-1.)

WVOPT Allows the user to bypass the normal treatment (achieved by set-
ting WVFLAG = 0.0) of water vapor in Subroutine SPCMIN for the
altitude range from 0 to 120 km. The user effects the bypass by
reading in WVFLAG .GT. 0.0 and his own data in one of four
optional forms according to METHOD = 1, 2, 3, 4. (Listing in
Vol. 14a-1.)

XMIT Returns an array Y copied from a given array X of length LX if LX
> 0 and sets Y (of length ILX1) to a constant X(1) if LX < 0. (A
COMPASS-language version of the routine is used with the GRC DSA
system, though no listing of it is included in SP-78. We have
used a FORTRAN version of the routine prepared by L. Ewing of
G.E. Tempo. Listing in Vol. 27.)

ZTTOUT Converts a Gregorian calendar date (expressed as 20th century
year (IYRS'), month (MONS), and day (IDAYS)) and zone time (ZT) at
east longitude PLON to the Gregorian calendar date and mean time
(UT) at Greenwich, (Listing in Vol. 14a-1.)
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Table 7-3b. Description of Dynamic Storage Allocation routines
called directly from the NBR Module.

Routine Function Performed

CREATE Creates a dataset of (at least) n+l words and returns the dataset
index (the pointer to the first (not zeroth) word of the dataset).

CREATL Performs thQ same as in Subroutine CREATE, except that the
dataset lock value and lock count are set to I (locked).

DSPWRD Returns the pointer to the DSP word for the dataset specified by
its index.

DSTROY Returns to the system the space occupied by the dataset specified
by its index.

INDWRD Returns the index for the dataset specified by the pointer to its
DSP word.

LOCKDS Sets the specified lock number of the dataset specified by its
index.

NEXT Returns the link word and index for a dataset (in forward order)
on a list, given initially the pointer to the list header and
subsequently the previously-returned link word.

PREV Returns the link word and index for a dataset (in backward order)
on a list, given initially the pointer to the list header and
subsequtntly the previously-returned link word.

PREVNL Performs the same as Subroutine PREV, except that lock values are
not set and reset.

PUTBOT Places the dataset specified by its index as the bottom dataset
on a list specified by its list-header pointer.

PUTORA Inserts a dataset (specified by its index) into a list of data-
sets (specified by its list-header pointer) according to the
ascending order of the specified nth words (with real values) of
the datasets.

PUTTOP Places the dataset specified by its index as the top dataset on a
list specified by its list-header pointer.

QINITL Initializes the routines in the DSA System.

WIPOUT Removes all the datasets from the list specified by its list-
header pointer and, if the parameter kdstry=l, also destroys the
datasets.
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7-2.4 Routines, Comncn 31ocks, and Cornon-Block Variables

7-2.4.1 Routines and Common Blocks

In Table 7-4 we provide a matrix which shows the appearance of common

blocks in the routines in the NBR Module.

7-2.4.2 Definitions of Common-Block Variables

In this section we either define the variables in a common block or

give a reference where the definitions can be found. We also comment on the

use of the common block and/or of its variables.

Blank COMMAON
Blank C1,1.lON is used unly for the DSA System. For definitions of

variables, see SP-78.

Common /AEROK/ KYIS, KPTYPE
The variables KVIS and KPTYPE are read in Program nRVIUP',W ,no trans-

ferred through /AEROK/ to Subroutine AEROSOL.

SKVIS - Visibility range parameter (VR) for 0 f 1 CM, <_ 9 x 10 cm

=1, VR ý 50 km

ý2, YR = 23 km
=3, VR - 10 km

=4, VR = 5 km

=5, VR = 2 km

KPTYPE Terrain parameter for 0 < HCM < 2 x 10 cm

z1, Terrain is rural

=2, Terrain is urban

=3, Terrain is maritime

Common /AIRSOL/ TASP(lO), TASC(10), TAFP(Iu)

The arrays TASP and TASC are set in Subroutine SURRAD and transferred

through /AIRSOL/ to Subroutine UPWELL. (The arrdy TAFP was never intended for
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Table 7 -4. Matrix of routines and common blocks,

Common eL LU
UIOCK cc 

Lo

0 U- 0 cc
0. X - z 4t .11(L 00 0

Routine

AEROSOL X

ATMOSU X X 
X

ATIVIRAD >(I

BKCDATA 
X X

CLOBDR 
X

CLDWT 
X X X

CLOUDO 
X X X X

DRVU X X 
X X X 

X X X X X X X X1

EMISSF 
X X

ESURF Ix 
X

GLITTR 
X X X

IONOSU X X 
X

JULIAN

OZONE 
X

PATH

OINITL X

RINOUT 
X X X X X X I

X

SEGMENT J-

SETAILT 

X

SGEOM 
X

SHELLS Y,

SOLCYC X

SOLORB 

X

SOLZEN X 
X

SPCIVIIN X X 
X X X

SURRAD X Y, X X X X

STEP 

X

TEMPZH 

X

TRANS 

X X

TRANS8 X 
X

TRANSF 
X I X X X1

TRNSCO X 
X A

UPWELL X X X X X X, X X X X X X X X X'X x

WATER X

WVOPT X
x

*Cotjid be deleted.

..............



use with the NBR Module but was provided should Subroutine SURRAD be used as a

utility routine; this use hds not evolved in ROSCQE-IR.)

For LUP=I,NWAVcE(JBAND)
TASP(LUP), - Aerosol transmittance for incoming solar rays to Points P
TASC(LUP) on Earth's surface and Point C at 12-km altitude on the

VP-path. (Dimensionless; depends only on wavelength and
assumed single paths.)

For L=1,IFIRES (not in NBR Module)
TAFP(L) - Aerosol transmittance for incoming ray from Fireball-L

to Point P on Earth's surface. (Not used in ROSCOE-IR.)

Common /ALTODN/
Variables in /ALTODN/, defined in Subroutines ATMOSU and SPCMIN in

Vol. 14a-1, are of no direct interest for the NBR Module per se.

Common /ATMOUP/ HL, SBAR, IDORN, PP, RHO, TT, SNI(30), HRHO, FEHSEQ

HL - Local apparent time (set by Subroutine SQLZEN).
(decimal hours)

SBAR - Average 10.-cm solar flux (set by Subroutine SOLCYC).
[1.OE-22/(m Hz)]

IDORN - Diurnal parameter (set by Subroutine SOLZEN).
=1, for daytime
-- 1, for nighttime

PP - Pressure (set by Subroutine ATMOSU). (dyne/cm2

RHO - Mass density (set by Subroutine ATMOSU). (g/cm 3

TT - Temperature (set by Subroutine ATMOSU). (deg K)

SNII) - Species-I density. (1/cm 3). The full array is defined
in Subroutine ATMCSU. See Table 7-9 for those species
used in computing the molecular transmittance.

HRHO - Density scale height (set by Subroutine ATMOSU). (km)

FEHSEQ - Fractional error in hydrostatic equilibrium (set by
Subroutine AT:4OSU).

Common /CDDATA/

The variables in /CDDATfl/ are defined or' p. 74 of Volume 24.
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Common /CLDFREQ/
The variables in /CLDFREQ/ are defined on pp. 74, 75 of Volumne 24.

Common /CLDWT/

The variables in !CLDWT/ are defined on p. 76 of Volume 24.

Common /CLOUD!

The variables in /CLOUD! are defined on pp. 76, 77 of Volume 24.

However, they are used only in the deterministic cloud submodel and hence are

not used in the NBR Module.

Common /CONFIG/
The variables in /CONFIG/ are defined on p. 77 of 'volume 24.

Common /DIFFUS/

The variables in /DIFFUS/ are defined on p. 78 of Volume 24; however,

they are not used in the NBR Module.

Common /FIRBAL/ FBLAT(1O0), FBLON(10), FBALT(IO), FBRINT(1O)

/FIRBAL/ appears in two routines (RINOUT and SURRAD) even though the

WBI Module does riot use any of its variablcs. The reason for the appearance

of /FIRBAL/ is that Subroutine SURRAD was created with a dual purpose in ,nind:

(1) As an integral part of the NBR Module, to be called from Sub-

F-uuLine UPýE-LL ,;ith only the 5ufl as a source.

(2) As a utility routine, to be called by rot-tine- (other than

UPWELL) needing the surface radiance (thermally emitted and

source (sun or fireball) reflected). For such use, /FIRBAL/ was

4rncl uoed.

However, Subroutine SURRAD is not used as a utility routine in ROSCOE-IR.

FBALT(L), - Altitude, north latitude, and east longitude of
FBLAT(L), Fireball-L. (km, radians, radians)
FBLON (L)

FBRINT(L) - Radiant intensity of Fireball-L. (Wisec)
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Common /FLAGS/ ITFLý3

In order that Subroutine TRAN;Sr in the Natural Cloud Module, called

by Subroutine CLDMT, will know whether or not the sun is above or below the

horizon, we require Subroutine :JPaELL to set ITFLAG in /FLAG;' before callino

Subrnutine CLONT.

TFLAr. - Flag indicating the diurnal condition at Point '.
=0, Sun is below the horizon
=1, Sun is above the horizon

Connon /I>J OP/

The ,ariatles in /1Y9'JP! are defined on pp. 133, 134 of Volume

14a-1; however, they arc not used in the NBR 'lodule.

t ommon !3PTION/ TRNS3PT

See TRNSJPT in Table 7-8 for Subroutine TRAN4SB, FA-ST in Table 6-li-

for Subroutine TRANS, and TRNSOPT in Taole o-2 for Subroutine JPýELL.

II

Comon /DPTINI/ RADS,%

See RASI in Table 6-2 for Subroutine JPAELL and Table 6-S for Sun-

routine TRNSCO.

Common /PARAMS/

/PARAMSt contains constmnts used in the Natural -loud Auodul e. They

are defined on p. 80 of Volume 24 and are set in Program TRVJPW.

Common /rJSITN' PJSLAT, PIJSLJN, PqSALT, SPCL!T, SPCLIN, CI2tLT. ClZLO'. C121LT

iPOS!LT - ltitude, north latitude, and east lonhitude of Point D
POSLAT, at which line-of-sight (fron fictitious detector at
POSL3N Point V) intersects Earth's surface. Set in Subroutine

JPAELL. (km, radi3ans, radians)

SPCLAT, North latitude ean east ½on-gitude of the point on an
SPCL•N assumed smooth horizontal surface for a specular ret ec-

tion from the source to the detector at Point V. (Set
in Subroutine SLITTR f SPC.fLR=.TRUE,.. (radians)

""C2ALT, - Altitude, north latitude, and east longitude of Point C
C12LAT, at which line-of-sight (directed toward Point D from
C12LON fictitious detector at Point i), intersects the 12-kmn

198

IW



ail ti tIude surf ac't .;et in P arolut i ne 2P^4iuL . Km,
:ali a ns. r 1d1jn si

See 4CCin either Tabla- 6-?. for \ab~roatine p or Table o--y tor

Subroutine TR)4SCO.

'Zoý-Ehonf ''SAN) XS, YBý, 7$S. X3 Y3, 2D VL, OiL

BIy c21lls to Subroutine GE3; XV?., Sunroutine jPAELL. sets - for u~se in

Suborouti ne '-'AM after transfer frjyn Pujnction T? *NS; inr the %Jaturwal --IOudI

'lodul e - the Earth-centered Cartesian coordinates of the sun ýS. YS, aS In

of the fictitio)us detector OIx) YD, 7t at Doint IV; the solar coordlinates are

zeroed if the sun is nelow the horizon. j;PA`ELL also sets the Iir~lction

cosines ItJL. V- 'ýL) of Doint D as viewed fron Coint ',.

XS. --Cartesian coordinates of the source location in the
Ei -arth-centered system. The x-directioIn poij,,s to Zer-o
degrees longitude and ninety degrees colatitude. 7he Z-
direction is through thie norto pole-. ( k-in)

XD,-Cartesien coordinates of thýe detector loca-,tion in T n
YD, E-artn-centeredsyt. k,

½. -Direction osne of toie 1 me-of-sight v-ector in vt;~

Vi., E arth- centered systen.

cormmo SAB . SALA T SAJh STL T. A.TIN 5

SATEL'L is not used inthe O2'-Iclule iýecauv wikrnutine c J

does not delwith real sensors. S'L waIs nI ijudeci in rtin

on the assu;mption that it would b~e autil it~y routiOe, usel when a real etn sr

in a satel1ite looks at the pr-ouII. inwever. 95M is not so( uJsed'.

S AT AL T, - Al ti tude, north 1 ati tude. ade.ast lo)tl f
SAT,-AT. satellIite-borne de tec tor. (k7. rad ianrs. raolans)

AT LON

SAT'_EN - Zenith angle of ra 'y reflected at Doint 0towards, the:
satellite. Clet ccriputed.) ( rad ians)

SAA'- Absolute valuje of az-imuth of reflected ray. mieisuren
frwm prinlcipal Plane determined by vertical plane
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t, rough incoming ray from sun. (Not cou; ted.)
(rat~ans',

Common 'SOLARP! SOLLAT, SOLON, SOLIRR(IQ)

The position variables, set in Subroutine AT'4OSS after it calls Sub-

routine SOILRP during the initialization phase, are used in Subroutine RPFELL,

SURRAD, and RINOUT. The ir-radiance, set in Subroutine SLRRAD after it calls

Subroutine SOLPAD, is used in Subroutines SURRAD and UPWFLL.

SOLLAT, - Nurth latitude and east longitude of subsolar point-
SOLLON (radians)

SOLIRR(L) - Solar spectral irradiance at t~e to? of the atmosphere
L=1,N'AAVEJ at waverumber-index L. [Wi(cm_ cm"

Common /SuORCE; NSORCE, HSORCE(1), RSORCE(l), ThiETAS, PHIS

The geonetricol vaniables in ISORCL/ are set by Subroutine -PLEZLL in

terms of the solar position (the only source with which Subroutine ýP'E'LL is

concerned) and are passed to Function TRANSF in the Natural Cloud Module.

NSORCE - The number of sources. Set to 1 in data statement in
Subroutine UPWELL.

HSORCE(1) - Altitude of sun (RSUiN). RSUN is set in data statement

in Subroutine UPWELL. (km)

RSORCE(1) - Radius of source. True value for sun is riot relevart
for applications in NBR Module. Set to 0.0 in data
statement in Subroutine LPWELL.

THETAS, - Colatitude and east longitude of subsolar point.

PHIS (degrees)

Coynmon /SCJR,.E/ SRCLAT, SRCLCN, RRCALT, SRCFLG, SRCZFNC(1I), SRC'R(1t)

The geonetrical variables in /SOURCE/ are set by Subrou'tine .NCJT.

Currently (April 1%80) only the sun is used as a source for S.ubroutine S&RRAD.

(Fireballs are never used in the call to Subroutine SURRAD from Subroutine

UPWELL in the ,BR Module.)

SRCALT - Altitude of source i,7 not the sun. ,km)

SRCLAT, - North latitude and east longitude of source (sun or fire-
SRC LON ball). (rddians)
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SRCFLG - Flag characterizing source
=1, Source is sun
=2, Source is fireball

SRCZEN(1) - Zenith angle of ray incoming to Point P from the sun.
(radians)

For L=1,IFIRES (Not used in NBR Module)
SRCZEN(L+I) - Zenith angle of ray incoming to Point P from Fireball-L.

(radians)

SRCSR(I) - Not defined.

SRCSR(L+I) - Slant range from Fireball-L to Point P. (km)

Common /TEGTOR/ DETLAT, DETLON, DETALT, DEIZEN, DETAZIRlI)

Subroutine UPWELL uses /TECTOR/ to position a fictiti,.i; detector at

Point V and pass the information to Subroutines SURRAD, RINOUT, and GLITTR.

The scattering angles are set in Subroutine RINOUT and used in Subroutine

5URRAD.

DETALT, - Altitude, north latitude, and east longitude of
DETLAT, fictitious detectnr at Point V. (km, radians, radians)
DETLON

DETZEN - Zenith angle of ray reflected at Point P on Earth's
surface toward the detector at Point V. (radians)

DETAZI(1) - Absolute value of azimuth angle of reflected ray,
measured from principal plane determined by vertical
plane through incoming solar ray. (radians)

For L=J,IFIRE (Not used in NBR Module)
DETAZI(L+1) - Absolute value of azimuth angle of reflected ray,

measured from principal plane determined by vertical
plane through incoming ray from fireball. (radians)

Common /TIME/ IYRS, IMONS.! DAYS, ZT, PLAT, PLON, UT, GAT, FYR, FST, RHO5KM,

CHI

The variables IYRS, IMONS, IDAY.,, and ZT are read by Program DRVUPW.

GCO and GLO are also read, in terms of which PLAT and PLON are set. UT is set

by Subroutine ZTTOUT, GAT by Subroutine SOLORB, FYR and FST by Subroutine

JULIAN, RHOSKM by Subroutine ATNOSU, and CHI by Subroutine SOLZEN.

IYRS - Number of the year in the 1900's at east longitude GLO
(e.g., 1980 becomes 80).
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IMONS - Number of the month at east longitude GLO (e.g.,
February becomes 2).

IDAYS - Day of the month at east longitude GLO.

ZT - Zone time for the 15-degree longitude interval contain-
ing east longitude GLO. (decimal hours)

GCO, - Geonrapnic colatituae and east longitude of grid origin
GLO or whatever reference point is desired. (degrees)

PLAT, - North latitude and east longitude of grid origin.
PLON (radians)

UT Universal time corresonding to zone time ZT. (decimal
hours)

GAT - Greenwich apparent time. (decimdl hours)

FYR - Fractional season-year, being zero on 1 January in the
northern hemisphere and zero on I July in the southern
hemisphere.

FST - Fractional summer, being one on I July and zero on I
January in the northern hemisphere and reversed in the
southern hemisphere.

RHOSKM - Mass density of dry air at 5-km altitude. (g/cm3 1

CH I - Zenith angle of the sun at grid origin. (radians)

Coniion /UPWELS/ UPWALT, UPWLON, UPWLAT, NALT(5), ZKM(13.5), NNADIR, \AZI,

NWAVE(5), IDAYV, CLDFLG, UPRADN(13,10,5), WV(IU,5), IKM,

N3ANDS

Program DRVUPW sets the variables UPWALT, UPWLON, UPWLAT, and NBANDS

and the array NWAVE(M) (W:JBAND4I,NBANDS) and reads the varidbles NNADIR,

NAZI, and CLDFLG. Program DRVUP'W's call to Subroutine SETALT sets the arrays

NALT(M) and ZKM(I,M) (M-I,NBANDS; I=I,NALT(M)). The call to Subroutine UPWELL

sets IOAYV, UPRADN(I,L,M) (for I=I,NALT(M); L=I,NWAVE(M); M=1,14BANDS), and IKM.

The array WV(L,M) (L=I,NWAVE(M); M1=,NBANDS) is not used in the stand-

alone version of the NBR Module but is set in Program OOK in ROSCOE-IR to

record the group of central wavenumbers of the band-intervals used in calling

Subroutine UPWELL for each broad-band M.
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UPWALT Surface altitude of the sub-V-point. (kin)

UPWALT, - North latitude and east longitude of Point V at which
UPWLON upwelling radiance is computed. (radians)

For I=I,NALT(M); L=1,NWAVE(M); M=I,NBANDS
NALT(M) Number of altitudes ZKM(I,M) for (broad) wavelength-band

index M. Defines NALTJ.

ZKM(I,M)- Altitudes of Point V above UPWALT at which upwelling
radiance is computed. (kmn)

NNADIR, Number of nadir and azimuth angles at Point V at which
NAZI upwelling radiance is computed.

NWAVE(M) - Number of wavenumbers at which the upwelling spectral
radiance is to be computed for (broad) wavelength-band
index M. Defines NWAVEJ.

IDAYV Index for diurnal condition at sub-V-point.
=0, Solar zenith angle > 90 degrees
=1, Solar zenith angle < 9u degrees

CLDFLG Index for inclusion of natural clouds.
=U., Natural clouds are not included
=i., Natural clouds are included

UPRADN(I,L,M) - The nadir-averaged value of UPRADA(I,J,L). LW/(Cn2 sr
cm H

SWV(L,M) - The array of central wavenumbers corresponding to
(broad) wavelength-band index M. (Not used in stand-
alone version of the NBR Module. Setlin Program OLOOK
and used in Subroutine UPWELT.) (cm-

IKM - Index for number of altitudes at which calculations are
made when clouds are included. Used in Subroutines
SURRAD and UPWELL.

NBANDS - Number of (broad) wavelength binds.

Common /UPWELSI/ RU1O(b,10), RUIUA(6,10,lu), ROION(o),10) ,

R025(6,10), R025A(6,10,1U) , R025N(6,10),
RU50(6,10), RU5UA(6,10,1U), R050N(6,1U),

R090(6,10), R09OA(b,10,10), RO90N(6,IU),

RIOO(6,1U), R0I)A(b,10,U1), RIOUN(6,1U)

Each of the arrays in /UPWELS1/ is computed in Subroutine UPWELL.

For XXX-10.,25,50,9U,1U; IKI > 1;
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J=I,NNADIR; K=1,NAZI; L=I,NWAVE(M)

RXXX(K,L) - XXX-percentile of the integral distribution of the total
(including that from statistical clouds) natural up-
welling spectral radiance received at Point V for wave-
number-L (at implicit altitude-IKM above surface mate-
rial MSM) along a ray directed to Point P on Earth's
surface (at implicit nadir-J and explicit azimuth-K).
LW/(cm sr cm- )]
Note: RXXX(K,L) does not include ARCVA(IKM,J,L).
Currently, UPRAD(K,L) and RXXX(K,L) are being written in
binary form on Logical Unit No. 8, for all appropriate
altitudes and nadirs.

RXXXA(IKM,J,L) - Theiazimuth-averaged value of RXXX(KL). [W/(cm2 sr
cm )]

RXXXN(IKM,L) - Thelnadir-averaged value of RXXXA(IKM,J,L). [W/(cm2 sr
cm- ]

ARCVA(IKM,J,L) - When clouds are considered, a component of the upwelling
spectral radiance received at Point V (at altitude-IKM),
from air emission above 12-km altitude, along a ray
directed to Point P on the Earth's suqface (at nadir-J
and independent of azimuth-K). [W/(cm sr cm )]

ARCVN(IKM,L) - Thelnadir-averaged value of ARCVA(IKM,J,L). [W/cm2 sr
cm U

Common /UPWELS2/ JBANOI

The variable JBAND1 is set to the (broad) wavelength-band index JBAND

in Subroutine UPWELL and passed through /UPWELSZ/ To Subroutine SURRAD to

facilitate some print.

Common /UPWELS3/ UPRAD(6,10), UPRADA(13,10,10)

Both of the arrays in /UPWELS3/ are computed in Subroutine UPWELL.
(As the code has developed, there remains little reason for including the

array UPRAD in /UPWELS3/.
For ýI4,NALT(M); J=I1,NNADIR; K=1,NAZI; L=l,NWAVE(M)

UPRAD(K,L) - Natural upwelling spectral radiance received at Point V
(at altitude-I above surface material MSM) along a ray
directed to Point P on Earth's surface (at nadir-j and
azimuth-K). I- and J-dependence is not stored, so user
must print UPRAD(K,L) immediately after computation if
he wants to see them. Currently, UPRAD(K,L) and
RXXX(K,L) are being written in binary form on Logical
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Unit N2. 8, foj all appropriate altitudes and nadirs.
[W/(cm sr cm- )]

UPRADA(I,J,L) Thelazimuth-averaged value of UPRAD(K,L). [W/(cm2 sr
cm •1]

Common /VPC/ WVFLAG, METHOD

Currently, in Program DRVUPW, we set WVFLAG=0,O and METHOD=O.

WVFLAG - Flag for optional treatment of water vapor.
= 0.0, Normal treatment
1 0.0, Optional treatment

METHOD - Flag indicating one of four options for treatment of
water vapor.
=1, Data values in parts per million by maps. (ppmm)
=2, Data values in absolute humidity. (9/m)
=3, Data values in relative humidity. (percent; 10 p•r-

cent is input as 10.0, not 0.10)
=4, Data values in dew-point temperature. (deg K)

Common /XY/ TT(1O)
TT(1) - Temperature array in atmospheric transmission model.

Set as data in Program DRVUPW and used in Subroutines
SEGMENT and TRANS.

Common /XYZCOM/ IThTE, LTMTE, NS, HSHELL(81), TS(81), PS(81), XNSPEC(81,10),

U(I0,10,2), UP(10,10,2), NMOLS, FACT
The variables IThTE, LTMTE, and I4MOLS are set, and the variable FACT

is read, by Program DRVUPW. Subroutine SHELLS sets the variable NS and the

arrays HSHELL(81), TS(81), PS(81), and XNSPEC(81,10). Cumulative values of

the path-parameter arrays U(10,10,2) and UP(10,10,2) are set by Subroutine
PATH and used by Subroutine TRANS to compute the molecular transmittance.

ITMTE, Auxiliary input and output data file numbers for
LTNTE Subroutine TRANSB. Set to 2 and 3, respectively, in

Program DRVUPW. See TAPIN and TAPOT in Table 7-8 for
Subroutine TRANSB for more information.

NS - Number of boundary altitudes used in Subroutine SHELLS.

For J=I,NS
HSHELL(J), Altitude, temperature, pressure, and species-N density

TS(J), at altitude-boundary 3 J.
PSW(), (cn, deg K, atm, cm)

XNSPEC(J)
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For 1=1,2 (adequate for ambient atmosphere); N=1,10
U(I,N,2) - Cumulative value of path parameters U (species-N areal

'JP(i,N,2) density) and UP (product of U and pressure P) for
temperature-index I and species-N. See Table 5-5 for
Subroutine PATH and Table 6-10 for Subroutine TRANS.
(cm at STP, atm-cm at STP)

NMOLS - Number of species. Set in Program DRVUPW and used in
Subroutines ATIRAD and TRANS (where known as NSPEC).

FACT - Parameter controlling the number of altitude boundaries
and their spacing. See Table 7-9 for Subroutine SHELLS
for more information.

Common /ZHCHEX/ ZHFLAG, SPIFLG

The variables in /ZHCHEX/ are defined and their use (to insure Sub-

routine ATMOSU is called prior to Subroutines IONOSU and SPCMIN) is described

iii the listings of Subroutines ATMOSU, IONOSU, and SPCMIN in Volume 14a-I.

/ZHCHEX/ does not affect the NBR Module per se.

Common /ZHTEMP/ NZHT, ZHT(31), TZH(31), TPFLAG

For steps required by the user to bypass the code's specification of
the temperature profile in the low-altitude (0- to 120-kim) region, see p. 38

in Volume 14a-1. (The arrays ZHTZ(3) and TZ7Z(3) appearing as arrays in

/ZHTEMP/ in Volume 14a-I are development artifacts and should be deleted.)

Currently, in Program DRVUPW, we set TPFLAG=0.0.
NZHT - Number of altitudes (31) at which the low-altitude tem-

perature profile is defined.

For I=I,NZHT
ZHT(1) - Altitudes at which the temperature profile is defined.

=0.0(4.0)120.0 km

TZH(1 - Temperature profile (foc TPFLAG=0.0), determined by
interpolation of the data base [US-661 for latitude and
season, used as input to the major atmospheric species
model for the low-altitude range from 0- to 120-km alti-
tude. (deg K)

- Temperature profile (for TPFLAG Y 0.0), specified by
user at altitudes z = 0(4)120 km. (deg K)

TPFLAG - Flaq for optional treatment of temperature profile.
= 0.0, Normal treatment
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1 0.0. Optional treatment, allowing Subroutine TEMZH to
read the user-specified profile at altitudes z
0(4)120 km

7-3 DRIVER PROGRAM DRVUPW AND INITIALIZING ROUTINES

7-3.1 Calculational Steps in Program DRVUPW

Here we describe the calculational steps required in the driver for

the NBR Module, Program DRVUPW.

A. Initialization

I. DSA System

a. Set parameters

b. Call QINITL

2. Ambient atmosphere

a. Read time and place

b. Set option parameters for water vapor and temperature

profiles

c. Call ATMOSU

3. Natural clouds

a. Read/set parameters

b. Call CLOUDO

4. Create Datasets-BN and -31

a. Read spectral data

b. Call CREATE, PUTBOI, or PUTTOP

5. Compute band-model parameters

a. Set option

b. Call TRANSB

'K Atmospheric shells

a. Read/set option

b. Call SHELLS

7. Prepare to call UPWELL

a. Read/set aerosol parameters
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b. Read/set atmospheric emission option and transmittance

parameter

c. Read/set geometry parameters for UPWELL

d. Read/set surface material parameters

B. Operation.

I. Initiate (broad) wavelength-band spectral loop

2. Get Datasets

a. Call PREY for Dataset-BN

b. Call PREV for Dataset-BI

3. Set altitudes for UPWELL

a. Set (broad) wavelength-band limits

b. Call SETALT

4. Call UPWELL i
5. Write results

7-3.2 Subroutine SETALT

The purpose of Subroutine SETALT is to provide a set of altitudes at

which Subroutine UPWELL, for a given spectral range, will compute the up-

welling natural radiation. To minimize the number of such altitudes. we have

accounted for the spectral dependence of the air transmittance, as now de-

scribed.
II I|

Our approach in selecting altitudes was to compute the upwelling

radiance for a strictly nadir-looking sensor as a function of altitude and

wavelength in the 2- to 5-pm band. The wavelengths used are the 27 test

values given in Table 7-5. The resolution was 10 cm -. The altitudes used

are 0(0.1)1(i)10(2)20(5)30(10fI00 km. We used an atmosphere (see Volume

14a-1) )r a zone time of 0.0 hours on 19 September 19?8 at a geographic loca-

tion of 45-deg north latitude, 0-deg longitude. The version of the code avail-

able at the time required the surface temperature to be independently speci-

fied. It was set at 288 deg K (instead of the air temperature at the first

shell boundary which was 286.6-deg K). The surface emissivity was 0.9. The

zoning of the atmosphere into shells was determined by FACT-I, but the algo-

rithun used was not the one currently set by GRC (see Table 7-9 for Subroutine
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SHELLS) but the one originally specified by G.E. Tempo, according to which the

76 shell thicknesses were 0.5263 km between 0 and 20 km and 2.105 km from 20

to 100 km.

Table 7-5. Wavelengths used in developing Subroutine SETALT.

Wavelength, um

Bin
No. Bin Edge Test Values Bin Edge

1 2.0 2.0 2.1
2 2.1 2.40, 2.50, 2.55 2.575
3 2.575 2.60, 2.65 2.675
4 2.675 2.70 2.725
5 2.725 2.75, 2.80, 2.85 2.82',
6 2.875 2.90, 2.95, 3.00, 3.20, 3.50, 4.00, 4.10 4.15
7 4.15 4.20, 4.25, 4.30, 4.40, 4.50 4.55
8 4.55 4.60, 4.70 4.75
9 4.75 4.80 4.85

10 4.85 4.90, 5.00 5.0

The results for these upward-vertical radiance calculations are shown

in Figures 7-2a, 7-2b, and 7-2c for the 27 wavelengths. (The peaks at 50-km

altitude for the strongly attenuated wavelengths simply reflect a peak in the

atmospheric temperature profile at that altitude.) Examination of these

curves led us to set the bin altitudes given in Table 7-6. More detailed work

may indicate a need for revising the bin edges and/or altitudes. Subroutine

SETALT is designed so that if the wavelength band of interest spans more than

one bin, a set of altitudes is provided by combining those for each of the

spanned bins. Table 7-7 gives the input and output variables for Subroutine

SETALT.

The results in Figures 7-2a, 7-2b, and 7-2c are replotted in Figure

7-3 to show thi- spectral dependence of the upwelling radiance for a nadir-

looking sensor, for altitudes of 0, 5, and 50 km. The curve for O-km altitude

is, of course, just that given by the Planck function for T=288 deg K and an

emissivity of 0.9.
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Table 7-6. Bin altitudes selected for Subroutine SETALT.

Bin

No. Altitudes, km

1 0, 1, 12, 20, 100
2 0, 1, 12, I00
3 0, 1, 3, 12, 100
4 1, 1, 2, 4, 9, 12, 20, 30, 50, 70, I00
5 0, 1, 3, 12, 100
6 0, 1, 12, 100
7 0, 1, 3, 6, 12, 20, 50, 70, 100
8 0, 1, 12, 100
9 0, 1, 12, 30, 100

10 0, 1, 12, 100

Table 7-7. Input and output variables for Subroutine SETALT.

INPUT VARIABLES

Argument List

ALM!N, - Minimtel, and maximum wavelengths for which upwelling matural
ALMAX radiance is to be computed, for (broad) wavelength-band

index JBAND. ( .m)

JBAND - Index for list of (broad) wavelength bands. (1 to 5)

Data Statements

NBINLI - Number of wavelength bins (or number of wavelength-bin
boundaries minus one).

For L=1,NBINLI+1
B!NLAM(L) - Wavelength of bin-boundary L. (Lm)

For I=1, NALTL(M), M=1,NBINL1
NALTLIM) - Nuriber of altitudes for wavelength-bin M.

NUPWEL(I,M) - Altitude-I for wavelength-bin M. (km)

(continued)
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Table ¾-7. Input and out.put variables for Subroutine SETALT (Cont'd,.

OUTPJT VARIABLES

UPWELS Common

For JBAND J=1,5; 1=1,?ALT(J)
NALT(J) -Number of altitudes for (broad) wavelength-band index JSAN,

ZKM(I,J) - Altitudes of Point V above reference altitude 1UJPAALT) at
which upwelling natural radiance is computed for (broad)
wavelength-band index JBAND. (kin)

7-3.3 Other Initialization Routines

7-3.3.1 DSA System

Conments in our listing of Program DRVJP'A define the six words and/or
arrays that are initialized there before calling Q,,NLIL. We also state how to
estimate minimur storage requirements for high speed menory in terms of the
number and sizes of datasets. For more intormation on the GRC DSA System, see

0P-18. The version of the DSA System we have used was prepared by L. Ewing of
G.E. Tempo. Whereas it differs somewhat from the GRC version,it is sait to Oe

equivalent, at least for the current soplication.

1-3.3.2 SU1 Routines (AT.-SU, CLOJOO)

Full docunentation is given for Subroutines 7T-., and CLnaL in

Volumes 14a-1 and 2?, respectively.

7-3.3.3 II.. Tempo Routines (TRANS3, SHELLS)

The purpose of Suibroutine TRAN4SE is briefly described in 7able ?-3a
and in Vol ire 31 (p. 7-4). Our miore detailed survrary of its input aind output

variables is given in Table 7-8.
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Table 7-8. Input and output variables for Subroutine TRAHSB.

INPUT VARIABLES

Argument List

LBAND - List Header Variable (LHV) for Wavelength Bands Dataset-BN
(No. 114). Strictly, LBAND is the pointer (i.e., it con-
tains the (Q-array) address) for the list header of the
Wavelength Bands Dataset-BN. In GRC usage, LBAND is stored
as Word-12 of Dataset-ST (No. 111). In the SAI stand-alone
version of the NBR Module, Dataset-ST (No. 111) is not
used, but LBAND is still generated in Program DRVUPW and
used as the LHV for Oataset-BN.

OPTION Common

TRNSOPT - Logical variable affecting (a) procedure for converting the
basic 5-cm resolution band-model parameters to those for
the user-specified resolution and (b) possible redundancy
of output data if user-selected bands overlap with common
spectral intervals.

"=.TRUE., TRANSB provides:
(a) in-band (more precisely, "in-interval") averaged band-
model parameters. (There is no limit on the allowed
coarseness of the resolution. If resolution finer than
5-cm is requested, the code will compute answers, but
they may have little or no physical reality.)
(b) band-model parameters for each interval within a band
(even though bands may overlap), and the bands are ordered
as in the Wavelength Bands Dataset-BN (No. 114).

=.FALSE., TRANSB provides:
I4 (a) baad-model parameters at a (below-defined) resolution

that may be finer than the requested spectral intervals.
In this case the TRANSB-generated resolution (or subinter-
val) is 0.5 of the narrowest user-specified w~venumber
interval, but within the range of 5 to 50 cm- The lower
edge of the first output interval lies at the luwco edge of
the lowest wavenumber spectral interval.
(b) non-redundant information for intervals in overlapping
bands. (If bands don't overlap, there is nothing to elim-
inate, of course.)
Note: For additional information regarding use of these
band-model parameters, sef comments under FAST in Table
6-10 for Subroutine TRANS.

(continued)
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Table 7-8. Input and output variables for Subroutine TRANSB (Cont'd).

XYZCOM Common

ITMTE - Auxiliary input data file number (=2 in Program DRVUPW).

LTMTE - Auxiliary output data file number (=3 in Program DRVUPW).

"D ataset-BN"

Note: The spelling (BN) is an unfortunate artifact from
the original development of the routine by L. Ewing of G.E.
Tempo. We are really dealing with Words-3, -4, and -6 of
the GRC dictionary fataset-BI (No. 115) and not Dataset-BN
(No. 114).

WLO BN, - Lowest and highest wavenumbers of spectral intervallover
WHI BN which band-model parameters are to be averaged (cm"

TFLAG BN Flag to denote whether the wavelength or wavenumber (cor-
responding to the argument of TFLAG RN4) is associated with
the first, intermediate, or last spectral division in a

band of (ascending) wavelengths or (ascending) wavenumbers.
=1.0, First spectral division (lowest wavelength) in a

wavelength band or last spectral division (highest
wavenumber) in a wavenumber band.

=0.0, Intermediate spectral division.
=2.0, Last spectral division (highest wavelength) in a

wavelength band or first spectral division (lowest
wavenumber) in a wavenumber band.

Input Binary File

TAPIN - Equiv f lenced to ITWTE. Contains band-model parameters for
5-cm resolution.

WSL, - Lower and higher wave~umber of 5-cm-I interval fir the sets
WSH 1997.5(5.0)49y7.5 cm- and 2002.5(5.0)5002.5 cm , respec-

tively. (c-)

For 1=1,10; N=I,10
SOD(,N), - Mean absorption coefficient and inverse of mean line-spacing
DEI(I,N) parameter (or the effective line density) for species-N at

temperature-index-I forithe wavenumber interval (WSL, WSH).
!!/cm at STP, lines/cm"

(continued)
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Table 7-8. Input and output variables for Sub'outine TRANSB (Cont'd).

OUTPUT VARIABLES

Output Binary File

TAPOT Equivalenced to LTMTE.1 Contains band-model parameters,
derived from the 5-cm- resolution data, for tne user-
specified interval DW either (a) communicated through the
Dataset-BI if TRNSOPT=.TRUE. or (b) set by an algorithm if
T.NSOPT=.FALSE.. The algorithm is that DW equals 0.5 of
the minimum DW communicated throuh the Dataset-BI, but not
less than 5.0 or more than 50 cm

WI., Lower and higher wavenumbers of interval DW. (cm-
WH

S(I,N), Mean absorption coefficient and inverse of mean line-
DE(I,W) spacing parameter (or the effective line density) for

species-N at temperature-index-I fof the wavenumber in-
terval DW. (1/cm at STP, lines/cm

Note: In Volume 31, L. Ewing briefly comments (on p. 74) on the algo-
rithmilin Subroutine TRANSB for using the band-model parameters for the
5-cm resolution (WSL, WSH) to obtain the band-model parameters for the
output spectral interval (WL, WH), regardless of TRNSOPT being TRUE or
FALSE. The description is not fully satisfying since the evidence is not
given. In any event, we record here the formulas used in TRANSB:

DE(lines/cm-i) 1 E(I,N) as output from Subroutine TRANSb
DElII,) as input to Subroutine TRANS
inverse of mean line-spacing parameter for
species-t at temperature-index-I, or the effec-
tive line density for the interval

DW (WL, WH) in TRANSO
- (WTL, WTH) in TRANS.

I.DE = [ EF1 /P•j] -1
EIi

-1 L._...... ... J
S(cm at STP) r S(IN) as output from Subroutine T'RANSB

SOD(,14) as input to Subroutine IRANS
mean absorption coefficient for species-I at
tenperature-index-I for the interval

(conti nued)
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Table 7-8. Input and output variables for Subroutine TRANSB (Cont'd).

OW (WL, WH) in TRANSB
(WTL, WTH) in TRANS.

Fi/A

where:
k SOU(I,N) [not same as input to TRANS]

mean absorption coefficient foy species-N at tem-
perature-inqex-I for the 5-cm interval (WSL,
WSH). (cmn at STP)

A. DEI(I,N) [not same as input to TRANS]

= inverse of mean line-spacing parnmeter, or the
effective line density for the 5-cm interval
(WSL, WSH). (lines/cm-f

F. z FRAC(WL, WH, WSL, WSH)

fraction of tYe user interval OW - (WL, WH) covered
by the (5-cm- ) basic tape interval (WSL, WSH).

F

j=1

It is easily shown that, in the special case of uniform line spacing
over J intervals, Ewing's formulas give the expected results:

SI FFOJ 'o

A0 j=l

F
Fo Ekj E j

Ao j=1 j~ i
l 0 Fj 1
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The purpose of Subroutine SHELLS is briefly described in Table 7-3a and

very briefly in Volume 31 (p. 68). Our summary of its input and output
variables is given in Table 7-9. In our version of Subroutine SHELLS we have

added statements (a) to print a table of all the atmospheric properties com-
puted at the shell boundaries and (b) to compute and print the water content

of the atmosphere along a vertical path above each of the shell boundaries.

The water content is expressed in units of precipitable centimeters. This

computation was added to facilitate comparisens with other workers.

Table 7-9. Input and output variables for Subroutine SHELLS.

INPUT VARIABLES

ATMOUP Common

PP - Pressure. (dyne/cm2

TT - Temperature. (deg K)

SNI(I) - Density of species-I. (cm-3

Particular species are indicated as follows:

N I=IMAP(N) SNI(1) Set by Subroutine

1 8 NO+ SPCMIN
2 11 NO IONOSU
3 21 N90 SPCMIN
4 15 N 2  SPCMII
5 14 0 SPCMIN

66 Cd2  ATMOSU
7 20 CO SPCMIN
8 22 CH SPCMIN
9 16 H SPCMIN
10 18 OSPCMIN

XYZCOM Common

FACT - Parameter controlling the number of altitude boundaries and
their spacing. Nominal value is 1.0, but a reasonable
range is between 0.1 and 10.0 (per L. Ewing). The original
algorithm provided by G.E. Tempo allowed a maximum of 81

(continued)
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Table 7-9. Input and output variables for Subroutine SHELLS (Cont'd).

boundaries, but a revision by GRC reduced this number to 61
and also altered the spacings. We have adopted the GRC
revision. In the comments of our listing of SHELLS, we
have given the boundary altitudes per GET algorithn for
FACT=1.0 and per GRC algoritlyn for FACTzO.I, 1.0, and 10.0.
Here, we record the results for GRC's FACT=1.0 (XO =1.25,
x 1 =3.125, X 2=7.8125).

i HS j HS i HS

1 0. 10 a 13.125 18 b 42,8125
2 1.25 11 16,250 19 50.6250
3 2.50 12 19.375 20 58.4375
4 3.75 13 22.500 21 66.Z500
5 5.00 14 25.625 22 74.0625
6 6.25 15 28.750 23 81.8750
7 7.50 16 31.875 24 89.6875
8 8.75 17 35.000 25 97.5000
9 10.00

a bJCHNGI 'ICHNG2

OUTPUT MIABLES

XYZCOM Common

NS 4umber of altitude boundaries

For J=1,NS; N=1.10
HSHELL(J), Altitude, temperature, pressure, and species-4. density at

TS (J) , altitude-boundary J.3
PS(J)' (cm, deg K, atm, cm

XNSPEC(JN)

7-4 INTEGRATION OF NBR MODULE INTO ROSC3E-IR

7-4.1 General

Table 7-10 provides a guide to the integration of the NBR-Module

routines into ROSCOE-IR. For these routines, we now mention some of the

differences between the routine in the stand-alone version of the NBR Module

and the routine in ROSCOE- T
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Table 7-10. Guide to integration of NBR Module into ROSCOE-IR.

NBR-Module routinea Program in ROSCOE-IR
Name Purpose of call calling NBR-14odule routine

QINITLd b ROSMAIN, Overlay (0,0)
ATMOSU° e ATKGEN, Overlay (3,1)
CLOUDO f ATKGEN, Overlay (3,1) ;4
TRANSR g ATKGEN, Overlay (3,1)
SHELLS h ATV" E^N, Overlay (3,1)
SETALT i OLOOK, Overlay (3,25)
UPWELL i OLOOK, Overlay (3,25)
UPWELT k EMISCAT, Overlay (3,31)

a'Each of these routines (except UPWELT which is not in the stand-alone version
of the NS'A Module) is called by the driver, Program DRVUPW.

br
To initialize tý,e DSA routines.

Strictly, Subroutine QI1ITL is called by Subroutine ROSCOE which is called by
Program ROSMAIN.

d
dKnown as ATIOS in ROSCOE-IR.

eTo initialize atmospheric routines depending on location and time.

fTo initialize statistical-cloud submodel properties.

gTo prepare, from the basic '5-cm-I resolution band-model parameters file,
band-model parameters for prescribed spectral resolution.

hTo establish atmospheric grid for h _100 km.

1To determine the altitudes (depending on wavelength of interest) at which
Subroutine UPWELL is to compute the upwelling natural background radiation.

iTo compute, for a Point V at each of a set of NALT altitudes above a given
geographic rosition, characterized by "aterial ME.SMi and Property DO(MSI), the
natural upwelling spectral radiance directed toward Point V from Points P on
Earth's surface with respect to Point V at N9&AD1. representative nadir angles
and NAZI representative azimuth angles.

kTo interpolate the upwelling radiation array 'JP"ADN(I,M,L) in altitude (1)
and select the appropriate band-interval (MI) in broad-band (L). For
altitudes ZKM > 12 kin, UP'IADN is not the cloud-free result but the 50-
percentile of the radiance distribution function for statistical clouds (if
included in the problem).
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Our QINITL was prepared by G.E. Tempo and, while different from

GRC's, is said to be equivalent for the present purposes.

Our ATMOSU, documented in Volume 14a-1, does not contain the DSA

System as does the GRC version.

GRC's CLOUDO, more restricted than SAI's documented in Volume 24,

initializes only statistical (as opposed to deterministic) cloud data. How-

ever, with respect to the NBR Module which contains only statistical clouds,

the two versions are presumably equivalent (except for GRC's DSA), although

the details have not been verified.

Subroutine TRANS3 contains the DSA System in both versions and should

be the same in both versions except for one small difference. The logical

variable TRNSOPT enters through Common OPTION in the SAI version whereas in

the GRC version TRNSOPT is set to Word-27 (FAST or GOOD) in the Basic
Dataset-BO (i'o. 9).

Our Subroutine SHELLS is the same as the GRC version in all essential

aspects. (See Section 7-3.3.3 for small differences.)

Subroutine SETALT should be the satie in both versions.

Subroutine UPWELL, written in terms of the DSA Systen in both ver-
sions, should be essentially the same. SAI's version contains many print

statements properly deleted in the GRC version. The comment regarding TRNS3PT
in Subroutine TRANSB applies here, too.

Subroutine UPAELT, not in the stand-alone version of the :iR Module,

is discussed in Section 7-4.2.

7-4.2 Subroutine JPAELT

Subroutine UPAELT was prepared by G"r to select the appropriate wave-
number interval and to interpoldte in altitude the uDwelling natural radiation
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array, UPRADI(I,K,JBAND). For altitudes 2KM > 12 kin, UPRMDN is not the cloud-
free result but the 50-percentile of the radiance distribution function for

statistical clouds (if included in the problem). Table 7-11 gives the input
and output variables for Subroutine UPWELT.
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Table 7-11. Input and output variables for Subroutine UPWELT.

INPUT VARIABLES

Argument List

HCM - Altitude at which upwelling spectral radiance is desired in
Program EMISCAT. (cm)

•L, - Lower and higher limits of wavenumber intei val for which
WH upwelling spectral radiance is _esired (set in Prog.ram

EMISCAT from Dataset-B!). (cm

UPWELS Common

For I-1,NALTJ; L=1,NWAVEJ; M-1,NBANDS
NALT(M) - Number of altitudes ZKM(I,M) at which upwelling spectral

radiance has been computed for (broad) wavelength-band
index M. Defines NALTJ.

ZKM(I,M) - Altitudes of Point V above UPWALT at which upwelling radi-
ance is cmnputed. (km)

NWAVE(M) - Number of wavenumbers at which thr upwe.ling spectral radi-
ance has been computed for (broad) wavelength-barnd index M.
Defines NWAVEJ.

IUPRADN(I,L,M) - The nadir-averaged value of UPRADA(I,J,L). See Table 6-2
for Subroutine UPWELL. I, the GRC version, for altitudes
ZKJ4 > 12 km and if clouds atn included, L'PRAeN is not th:
cloud-free result but the 50-percentile of thc radiance
distribution fynction for statistiral clouds.
[W/(cmrn sr cm- )]

WV(L,M) - The array of central wavcnumuers corresponding to (hroad)
wavelength-band ifdex M. Set in Program OLO3K •rom
Dataset-EI. (can )

NBANDS - Number of (broad) wavelength bands.

OUTPUT VARIABLES

Argument list

RADUP - The value of the upwolling natural radiation for the wave-
number interval (WI,WX), averaged over the downward hemis-
phere and logarithmically interpolat-d from the frray

UPR4DN for the input altitude HCM. LPhotons/(cCr sec sr
cm 1]
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SECTION 8

LISTING OF SELECTED ROUTINES

In this section we provide a FORTRAN listing o: those routines in the

NBR Module which have not been published elsewhere (or at least rot in the

forn in which they are used in the NBR Module). An index to such routines, as

well as their originator, is given in Table 8-I. Table 7-3a tells where list-

ing of the other routines have been published.

Table 8-1. Index to routines with 'FORTRAN listing in Volume 27.

Routine Originatora Page Routine Originatora Page

DRVUPW SAI 227 RINOUT SAI 268

ACC'UM GET 237 SE GMENT GET 271

AEROSOL VI 238 SETALT SAI 275

AGAGEO SAI 243 SHELLS GET 277

ATMRAD GET 244 SOLRAD SAI 280

CANGLE SAI 249 SORTLJ SMI 281

DOT GET 249 STEP GET 282

ERF SAM 249 STEPS GET 284

ESURF SAI 25, SUBVEC GET 284

FRAC GEl 254 SURRAD SA1 285

FRESNL SAI 255 T A!N GE0 SAI 295

GCRCLE SAI 257 TRANS GET 296

GEQREt, S,\ .$ TRANSB GET 303-GE,)T AN SAI 258 TRtSCO GET 308
Gry-" SAI 259 UNITV G-T 312

GLITTR SM1 260 .PWLL SAI 302

PAT.i,-E 265 VLIN GET 333

91 PLANCK GE-T 267 XMIT GET 333

RU•TAN SAI 267

3SAl confqents inserted in routines developed elsewhere arc denoted by ýLJ in

the first three columns.
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P9OGRA.- DRVUPW INPU±,OLITPllT.TAEZN TAPE 5 4U =706-OUTP!VT7 TAPE?, TAPET 1, YUjpW ?
TAES DDAnrCO1\

C C THE RELATED ROTNSW4ICL CPWIRlSE 'TENWF A SAýCGROtv) ployjPi f

CC R.%PIATIOR 'COEL FOP TH4E UNOISý'LPBE t.T4ITSPHERE, 1NCL~olmINC ORVUPW
cc STATISTICAL TREArVEN' OF NATURAL CiOUDSý. ORIVUNW c
cc IWVU'pw 9
CC HISTORICA1L S'ATtWNT 9 RV" 0

DW
cc BECAUSE WE WERE GlIVEN (6/1178 A MOLECULAR TRANSMIT-TANCE OQVupW I1
cc MODULE BY G.E. 'TEMPO THAT HAD) SEVERAL ROUITINES (DM:VEQ PROGRALO DRVIU~w

cc ANS OSrROIE AAD, TRASTS, ANO TRNSC' WRITTEN IN DqV'!frw 1
cc TERMS OF THE GRC OSA SYSTE,. WE PREPARED flW VERSIONS OF THE DIRVUPW 14

CC NATURAL RACKGROLFND RADIATION (N&Rý CUE ONE VERSION, WlC'w oQVu,,pW
cc WE REGARDED AS THE BASIC VERSION. USE; OSA IN THE SAl DRIVER DRV'jDW

cc SUBROUTINES. THE OTHER VERSION 010 NOT' USE OSA. 5QTr7H OR Vuý, Dw
cc VERSIONS WERE 'ESTEO ON SEVERAkL PROBLEMS AND GAVE THE SAME ORzVU'411 1
cc ANSWERS. DRVURPW 20
cc (HISTORICALLY, WE FIRST PREPARED TWE EISA VERSION ANlD THEN Opvupw 2:
cc DEVECEOnE THE NO-OSA VERSION BY USING A SET OX ABOUT 235 DQVUDj 2?
cc CORRECTION CARDS (90 ACTION CARDS AND ABOUIT 145 CO'o~N- ?RUP 3
cc CARDS) . THEN, THE "ON.(1SA VERSION WAS AVAILABLE FRO- A DRv¼D(w 24
CC, PROGRAW LIRAPY (IN THE CONTEXT OF THE CDC U LA' rTILITY DRVliN 2
cc PROGRAM' AND THE OSA VERSION WAS OB

T
AINED BY USING THE *YA4K [VUJPW ?

cc UPDATE DI1RECTiVE TO DELETE THE NON-CSA CORRECTION SET. IA)VUlPW 2'
cc WE EFFECTED THE REMOVAL OR THE OSA-USASE "V A rN%-STANDARD) DRVUPW
cc METHOD WATICH RETAINED AS MUCH OF THE 054A CODING AS POISSIBLE D±VUP'Vi 7q
cc BUTr WIr:~ NEW NEANPGS TO "ANY OF THE 054 VARIABLES. THE 054 [QVjPmj 3%'
CIL STATEWN'IS THAT COULD NC' BE USED WERE COISE!NrtEO (C-OWA AN" DRV7PlW I:
cc FOLLOWED WITHi THE NECESS*RY'REPLACEMIENT STAr...EINTSl ORVUlw 3
cc fTHIS PROCEDURE WAS FEASIBLE FOR UiS BECAUSE ON'Y TW EAT SETS I)Vjf 3
rC WERE INVOLVED. IT RA NOT SE FEASIBd FCR A CASE WI'r MANZ DRUPW I.,
cc DATASETS.) DPv P's. 35

C c IN JANUJARY 1480, DURING t REVIEW OF T-E INCOIRPORATION OF THE D y 3
CC NBR 140DUýLE INTO ROSCOE, N'LWEROUS ERRORS WERE DISCOVERED.ý SONE OYVuPw 3Q
cc OF WHICH WERE COM4POU-NDED OwING TO THE FACT THAT THE DATASETS DRVUýw- 39
cc USED !N -HE GET ROUTINES WERE INEONSIS'EN' WITH THE GA^ IWVAWvi 41
cc DICTION.ARY DATASETS. TH.E NO-TN TDýA'ASET HAVE W)W BEEN Dg9';. 4:
cc REPLACED BY THE STANJ)ARl DA TASE%~ I xEPE IN5Uq% T DRVUDw 4
cc TRA.NSB). AN EXTENSIVE REVISION OF THE (STAjND-ALONE! HER ORvjvm A?

cc MNODILE WAS REQUI!RED To BRING IT INTO A CLOSE CORRESPONDENCE DPVO,'Cw 44
cc WITH 

THE CORRECTED VERSIONl IN THE ROSCO3E CODE. CONSEQUENTLY. DRVUPW 4c
CC IN THIS FINAL VERSION OF THE NIR AnODULE, WE X' ENMPLOY TOE GRC DRV*ICI, ArC

cc 054 SYSTE" ('BU' IN4 A GET VE±SICIN AND. HE1 IN THE G~C VERSION' OR~VŽ-w A-

cc WHERE APPROPRIATE. WF DO NOT PROVIDE A NON-OSA VERSION. ORVllw 4t
CC RV9Hl 4Q

Co"N ONAREA, ONAREAIO), ORREND. 0N9-S'. ONLN)IS, 0/SIZE. OQVL'0 i so
I QNSLK, CIZHEAD. OCOUNT 3A% ODSIZE:ID', ONSIZE, OCUNIIT'2ON. DRVc'Vl, E,
2 Q3ERLUN, QFNITSC?.IO'. 0111 qRV¶Y'ýw $2

INTEGER ONAREA, OWAREA. OFPEHD).OrNDTST. QNiN(S, OZI'lE, "NZEK, OVP. 53
1 OZHEAD. OCOLINT, ODSIZE. OWIPDK. QNSIZE, .~ ! ORIELD. DRUV 5±
2 OERLUN, OFBITS, OCRSIZ DAl' C

CC'4CN /TIME IYRS, 1404S5, IDAYS, 27, PLAT, PLON, U`T, GAT. FVR, DP;JZ SF
1 F5T, RHOSYS, Al1 OR VA S_
COMMON /VPC f WVtLAG, METH4OLDR:'h
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COMMN / ZNTPIP / XX(63), TPFLMG tWV1JPW 59
COMMO / XYCOM / UITMT, 171Cr, NS, HSI4ELL(811, TS(81), P5(811, DRVUPW 6Q
1XMSPS-(8l,l0), U(0D,10.2), UP(010,IO2I, NIO-LS ORVupw 6i

2 FACT ORwjr P 62
COMM0 /OPTION/I TRUSOPT DVUPw 63
COMMON / DPTuM) I RADSW EtV'JP 64
CDVONI I / X 11r(101 D'VrJpw 65
COVIN/AER0K KVIS, KPTYPE D09YIJw 66
COMMON/PARN4S/1M~ IN lOP IL ,PI ,EAD,XlTOR,RPI)DG DORW>w 67
COMPI/UPWELS/ U;PWA.LTUPVLON,uNLATNALT(5),ZZN(13,5',NNADIR. DRV WN m8

*KAZI,IkAVE(5),bOXVVCLDfLG,UW~ADN(13,I0,5), Drpjpw 69
* WV10,),IKNSNOSDQVIIN 70

COMMORuJPWnS1, ORVUNW 71
2 ~ O061lRIA61~0,D0(,0,DoVupw 72
3 ROO610,O$(6l.0)RUN6,OD WN 13
4 ROO(6.1O),R0$0A16,lO,Io).ROSON(6,10), DRWWPW 7.
5SO0611R9~6j,0,t9N611 DAVUDW 75
6 R100(E.101,RIOOA(6,10,l0),RIOOMK(6,1O) ORYUPh 76
7 .,PALVA (6 ,1O.10I,.AR C VR(6 ,10) DAWN 77
CQWVDN/uPWRLSII UPRAb(6,1O),UPRADVA13,10,1O) DRwUw 78

CCC IIAT. J-XNADIAR, KKN*AZI, LLrw.AVEJ. WN*SMDS DitA;WN 7Q
CCC UPRAO(KKLJ), UPRADA(IJJ,LL), IJPRADN(I.LL,NN) DAUWN 80

DIMENSION Qox(x2000) $WV¶JPW a1
EQUIVALENCE ( 0. QIEX DAVUNW 82
D:NMExSxON 00(7) ,WW( 1O),DW(1O) .ALA(10),iLMP( 10) ORVUPW 83
OICNSI0M SWIG OWi1, BRH! SW1), kiLO BM(1), HIT BN(1). nAVUPW 84

*LIWEY PECI) ORVUPV 85
EQUIVALENCE ( Q(1), %XMb BNt) Q(?), RNH!I 9 . DAJWN 86

*(,Q(3),w.f S), ON Q(4), WiWI RN) DRWNW 87

DIMENSION 8MO1 31(l), SNHI BI(1), kiLO 31(1), W141 811(1), OQV13N 89
- KGNO 81(l), TTLAG 81(1), TRANS 641), 1081 !(1) DRYIJAW 90

EQUIVALENCE O (1). 51910 81 ),C0(2), BM! 81 ) DRVUPi 91
Q ((3), WL0 8I Q,(4).~ MWI SI) DAUWN 92
U (S(), tKGH 81 ) Q((6). TELAG R.! ) ~vAWN 93

C0(7B. TRANS 8! )(0(8). lOS8x 81 )DAVUPW 9±
LOGICAL SPCUtR DRVUPW 95
LOGICAL RADSW, TREXSOPT DkVUAw 96
DATA IT / 200., 300., 5SM., 750., 1000.. 1500., 2000.. 30M., DAvupw 97

WOO. 70 ,*. DAYUPW 98
DA4TA P1 / 3.14159265 / ODAVUN 99
DATA 00 / 0.10, 10., 0.50, 0., 0., 0., 0.5 / DAVUDW !'70

CCcc"11 'Vpw 101
cc FILE NAMES DRVIJPW 10?
cc TAPE2 AND TAPZ3 ARE IDENTIFIED IN P9OGRAI4 OAV¶'9W WlITH IThTE DR owN 103
cc ANDO LTMTE, RESPECTIVELY. DqVUt'w 104
cc ITMTE (ALIAS TAPIN) ANC LTWTE (ALIAS TA~'NTI ARE READI AND D~R JPw !05
cc WRIT-TEN, RESPECTIVELY, BY SUBROUTINE TRAMSF. [JAYU Pw 106
cc * TAPE8 IS WRITTEN PY SkjBqOUTIME UNWELL PAND READ BY PROGRA DAUWN 107
cc CpYUPW. DRVUPW 108q
cc READ OR OTHERWISE SET THE FOLLOWING PMPEIETEIRS... OAV'IPw 109
cc DR*WPW 110
cc PARMETER IN CP9VNW DEFINED IN LEAD/SET CWCMTE- D~v~wW III
cc-------------- --------------------- -------- -------------- w1?
cc KVIS AEROX SUB. AERSOL R DAV'JPV 113
cc KPTYPE A-EROK SU8. AEROSO R DR vuPw 11d
cc IWVIJPV 115

2 2 0
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CC RADSW OPTINI SUB. UPWELL R DRVUPW 116
CC ORVJUPW 117
CC TRNSOPT OPTION SUB. TRANS R I ODRVUPW 18
CC DRVuPW 119
CC INFIL PARAMS S Bi ORV'JPW 120
CC IOFIL PARASS S B2 DOVJPW 121.
CC PI PARkAS S ORYVUPW 122
CC ERAD PARAMS S C DRVUPW 123
CC DGTOR PAR/AS S 01 DRCJPW 124
CC RTODG PARAMS S D2 DRVUPW 125
CC DRVUPW 126
CC IYRS TIME DRVATI R E DR VUC-.N 127
CC IMONs TIME ORVA7M R E DRVUPW 128
CC IDAYS TIME ORVAT" R E DRVUP'W 129
CC ZT TIME DRVATh R E DRVUPW 130
CC PLAT TIME SUB. SOLZEN S DRVUPW 131
CC PLON TIME SUB. SOLZEN S ORVUPW 132
CC GCO -- DRVATH R E,F1 DRVUPW 133
CC GLO -- ORVATrM E.F2 DRVUPW 134
CC ORVUPW 135
CC UPWALT UPWELS SUB. UPWELL S DRVUPW 136
CC UPWLON UPWELS SUB. UPWELL S DRVUPW 137
CC UPWLAT UPWELS SUB. UOWELL S DRVUPW 138
CC NNADIR UPWELS SUB. UPWELL R DRVUIPW 139
CC NAZI UPWELS SUB. UPWELL R DRVUPW 140
CC "/AVE(5) UPWELS SUB. UPWELL S DRVUlPW 141
CC CLDFLG UPWELS SUB. UPWELL R DRVYUW 142
CC MSM -- SUB. UPWELL R DRVUJPW 143
CC OD(MSM) -- SUB. UPWELL S G DRVUPW 144
CC SPCULR -- SUB. UPWELL R DRVUPW 145
CC DRVUPW 146
Cc WVFLAG VPC DRVATM S E DRVUPW 147
CC METHOD VPC DRVATM S E DRVUPW 148
CC ORV1JPW 149
CC Tf II) XY SUB. TRANS S G ORVUPW 1SO
ýc DRVUPW 151
CC ITMTE XYZCOM SUB. TR$NSB S DRVUPW IS2
CC LTMTE XYZCOM SUB. TRANSB S DR VUJPW 153
CC NMOL E ¥YZCOM SUB. TRANS S DRVUPW 154
CC FACT XYZCOM SUB. SHELLS R DR VUPW 155
"r DRVUPW 156
CC TPFLAG ZHTEMP ORVATM S E ORYUPW 157
CC -- - ----------------------------------------------------- O DRVUPW 158
CC BI INPUT FILE FOR STATISTICAL CLOUD MODEL DRVUPW 159
CC B2 OUTPUT FILE FOR STATISTICAL CLOUD MODEL DRVUPW 16r)
CC C EARTH RADIUS, KM DRVUPW 161
CC Dl DEGREES-"O-RADIANS DRVUPW 162
CC 02 RADIANS-TO-DEGREES DOVUPW 153
CC E PROGRAM DRVATM FOR SUBROUTINES AT"OSU, SPCMIN, ETC. DRV1UPW 164
CC F] USED T" SET PLAT DRVU PW 165
CC F2 USED TO SET PLON DRVUPW 166
CC G SET BY DATA STATEMENT DRVUPW 167
CC HI IDEALlY BUT NOT NECESSARILY SET TO PLAT DRVUPW 168
CC F? IDEALLY BUT NOT NECESSARILY SET TO PLON DRVUPW 169
CC I ALSO SEE SUBROUTINE TRAIlSB DRVUPW 170
CCC ORVUPW 171
CC IN THE FOLLOWING SEVEN STATEMENTS, THE DSA MEANINGS ARE ... ORVUPW 172
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CC ONAREA = NUMBER OF STOIAGE AREAS. DRVUPW 173
CC OWAREA(]) = NUMBER OF WORDS OF HIGH-SPEED MEMORY (SCM). DRVUPW 174
CC NOTE THAT THROUGH THE INIIIALIZATION PERFORMED BY DRVULPW 175
CC SUBROUTINE QINITL, THE MAXIMU

T M 
NUMBER OF WORDS DRVU PW 176

CC AVAILABLE IN THE 0-ARRAY IS SET EQUAL TO DRVUPW 177
CC OWAREA(1). THUS THE LENGTH OF BLANK COMMON DRVVUPW 178
CC EQUALS THE SUM OF QWAREA(I) AND THE NUMBER (89) DRVUPW 179
CC OF WORDS REQUIRED FOR THE BLANK-COMMiON VARIAMES DRVUPW 180
Cc OTHER THAN Q. DRVUPW 181
CC THE MINIMUM VALUE REQUIRED FOR OWARFA(1) MAY BE DRVUPW 182
CC DETERMINED BY NOTING THAT DRVUPW 183
CC (A) THE FIRST TWO WORDS AND THE LAST WORD IN THE DRVUPW 184
CC Q-ARRAY ARE USED BY THE DSA SYSTEM. DRVUPW 185
CC (B) EACH DATASET HPS A ZEROTH WORD. DRVUPW 186
cc (C) THýE NUMBER OF WORDS USED BY THE 7-BLOCK DRVUJPW 187
CC DATASET IS HARDWIRED TO BE 101 (SUBROUTINE DPVUPW 188
CC QINITL SETS QZSIZE=IO0, AND A ZEROTH WORD IS ORVUPW 189
CC REQUIRED). ONE MAY DETERMINE THE MINIMUM DRVUFW !90
CC SIZE REQUIRED FOR THE Z-BLOCK BY NOTING THAT DRVUPW 191
CC TWO WORDS (A DATASET POINTER WORD AND A LINK LRVUPW 19?
CC WORD) ARE REQUIRED FOR EACH DATASET AND ALSO DRVUPW 193
CC ONE LIST HEADER WORD FOR THE DATASETS ON A ORVUPW 194
CC LIST. DRVUPW 195
CC IF TWO BANDS, EACH WITH TWO BAND INTERVALS, ARE DRVUIPW 196
CC USED FOR A SAMPLE PROBLEM, THEN ONE NEEDS DRVUPW 197
CC FOR TWO DATASETS-BN, 2*(5+1).1? DRV`UPW 198
CC FOR FOUR DATASETS-BI, 4*(8+I)=36 DRVUPW 199
CC FIRST TWO AND LAST WORDS Or Q, = 3 DRVUPW 20n
CC Z-BLOCK, =16 DRVUPW ?01
CC ZEROTH WORD. I DRVUPW 202
CC DATASETS-bN, 1+?*2 - 5 DRVUPW 203
CC DATASETS-BI, 2*)1+2*2)= 10 DRVlJPW 204
CC --- DRVULPW 205
CC Z-BLOCK TOTAL 16 DRVUPW 206
CC DRVUPW 207

CC TOTAL WORDS =67 DR VUPw 208
CC USE OF NEAR-MINIMUM SIZES FOR THE Z-BLOCK AND FOR DRVLIPW 209
CC OWAREA(1) IS HIGHLY RECOMMENDED WHEN ONE WANTS TO DRVUPW 210
CC USE POUMP TO SEE WHAT IS GOING ON IN BLANK DRVI!PW 211
CC COMMON. DRVUPW ?21

CC QWAREA(?) - NUMBEPR OF WORDS OF LOW-SPEED MEMORY (LCMI. DRVUPW 213
CC QDSIZE(1) = NUMBER OF WORDS IN SMALLEST DATASET. DRVUPW 214
CC ODSIZE(2) - AN ASSIGNED VALUE OF ZERO IMPLIES THAT DATASETS DRVUPW 21-
CC LARGER THAN THE LAST ASSIGNED INCREMENT WILL BE DRVUIPW 216
CC ALLOCATED THE EXACT NUMBER OF WORDS REQIIRED. ORVLJPW 717
Cc QrLU% - LOGICAL UNIT NUMBER OF DEVICE USED FOR SYSTEM DRVUP'W 218
C CC ERROR MESSAGES. D)RVII'W 21Q
CC QINITL - THIS SUBROUTINE INITIALIZES OTHER SYSTEM DRVUPW 220
CC VARIABLES AND SETS UP THE FREE LIST. DRVUPW 221
I O DR VUJlW 22?

QNAREA * 2 DRVUPW ?23
QWAREA(1) - 2000 DRVUPw ??4
QWAREA(2) - 50000 DRVUPW 27S
QDSIZF(1) - 5 DRVtIPW 2?26
QOSIZE(2) . 0 DRVUPW 227
QERLUN = 6 DRVUPW 221
CALL OINITL DRVUPW ??2
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CCC DRViIPW 230
CC * * INITIALIZE AMBIENT ATMOSPHERE AFTER SETTING PARAMETERS IN DRl VIJP 23]
CC TIME, VPC, AND ZHTEMP COMMONS. DRVUPW 232

READ (5,315) IYRS, IMONS, IDAYS, ZT, GCO, GLO DRVUPW 233
WRITE(6,316) IYRS, IMONS, IDAYS, ZT, GCO, GLO DRVUPW 234
GCO - GCO * PI / 180. DPVUPW 235
GLO - GLO * PI / 180. I3RVUIPW ?36
PLAT - b * PI - GCO DRVUPw 237
PLON = GLO 0RVUDW 238
WVFLAG - 0. $ METHOD = 0 $ TPFLAG - 0. DRVUPW 239
CALL ATIMOSU ( 1, 120. ) DRVUPW 240

CCC ORYUPW 241
CC * * * INITIALIZE NATURAL CLOUDS. DRVUPW 242

CCC DRVUPw 243
CC THE STATISTICAL CLOUD SUBMODEL OF THE SAI/PA NATURAL CLOUD DRVuPW 244
CC MODEL (NCM) HAS NOW BEEN INTEGRATED INTO THE UPWFLLING DRVUPW 245
CC NATURAL RADIATION MOrEL. (THERE IS NO INTENTION OF INCORIPcA- DRVUPW 246
CC TI1G THE DETERMINISTIC CLOUD SUBODEL.) THE INTERFACE OF THE DRVLlPw 247
CC UPWELLING NATURAL RADIATION MODEL WITH THE NCM IS ACHIEVED IN DRVUPW 248
CC IWO GENERAL STEPS. (1) A CALL (FROM THE DRIVER PROGRAM FOR DRVIPW 249
CC THIS UPWELLING NATURAL RADIATION MODEL) TO NCM SUBROUTINE DRVUPW ?50
CC CLOUDO WHICH READS DATA CARDS FOR THE STATISTICAL CLOUD SUB- DRVUPW 251
CC MODEL AND (2) REPLACEMENT OF THE CALL FROM THE NCM DRIVER TO DRVUPW 25?
CC THE NCM SUBROUTINE SCLOUD BY A SET OF CALLS AND OPERATIONS IN DRVUPI 253
CC SUBROUTINE UPWELL WHICH, IN THEIR TOTALITY, ADAPT THE ROLE OF DRVUPW 254
CC SUBRGUTINE SCLOUO TO OUR SPECIAL NEEDS. A FLAG (CLDFLG), SET ORVUPW 255
CC BY A READ STATEMENT, HAS BEEN INTRODUCED SO THAT NATURAL DRVUPW ?56
CC CLOUDS ARE IGNORED IF CLDFLG=D AND ARE INCLUDED IF DRVUPw 257
CC (A) CLDFLGt1 AND (B) THE ALTITUDE ABOVE THE SURFACE AT WHICH DRVUPW 258
CC THE UPWELLING RADIATION IS COMPUTED IS A' LEAST 12 KM (THE DRVbPW 259
CC HIGHEST ALTITUDE OF THE TOP OF ANY OF THE STATISTICAL CLOUDS). DRVUPW 260
CCC DRVUPV 261

READ (5,300) CLDFLG DRVIJPW 26?
WRITE(6,318W CLDFLG DRVUPW 263

CC * SET PARAMETERS IN PARAMS COMMN. DRVUPW 264
!NFIL 5 $ IOFIL - 6 DRVUPW 265
ERAD 6371.03 DRVUPW 266
DGTOR PI / 180. $ RTODG = 1.0 I DGTOR DRVUPW 267

CC * NOTE THAT SUBROUTINE CLOUDO READS SEVEN CARDS, THE FIRST OF DUPVPW 26R
CC WHICH IS rOR MODEtI . DRVUPW 269

IF( CLDFLG.EO.A.0 ) CALL CLOUDO(MODE) DRVUPW 210
CCC DRVUPW 271
CC * * * CREATE DATASETS BN AND 81 kND SET WORDS. DRVUPW ?7?
CC WAVELENGTHS IN THESE TWO DATASETS ARE IN MICRONS FOR SAT AND DRVUPW 273
CC IN CENTIMETERS FOR GRC. DRVUPW 274

J 0 DRVUPW 275
10 READ (5,320) ALAMI, ALAM?, WI, W?, LINT DRVUPW 276

C NEGATIVE WAVELENGTH DENOTES END OF BANDS. DR UPW 277
IF( ALAI .LT. 0. ) GO TO 105 DRVIPW 278
J 3 J + I DRVUPW 279

C DIMENSIONING LIMITS ALLOWED NUMBER OF BANDS TO 5 . DRVUPW ?B0

IF( 3 .GT. 5 ) GO TO 105 DRVURW 281
NWAVE(J) - LINT DRVUPW 28?
IF( ALAMI .EQ. 0. ) GO TO 102 DRVUPW ?83

C BAND-LIMIT WAVELENGTHS ARE INPUT. DRVUPW 284
ALMIN = AMINI C ALAMI, ALA2 ) DRV;VP 285
ALMAX - AMAil ALAM•I. ALA? 1 DRVUPW ?R6
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C CREATE THE 5-WORD DATASET-BN AND SET THE FIRST FOUAR WORDS. ORVUPW 287
CALL CREATE ( 5, NBN ) RVUPW 288
ONLO BN(NBN) - ALMIN DRVUPW 289
BMM! BN(NBN) -ALMAX DRVUPW 290
WLO BN(NBN) -I.E+O4IBNHI BN(NBN) DRVUPW 291
WHI BN(NBN) - 1.E+04/BNLO BN(NBN) DRVUPW 29?
DBN ( BN8MM BN(NBN) - BNLO BN(NBN) I/FLOAT(LINT) ORVUPW ?93
WRITE(6,303) ALAIIN. ALMAX, FLOAT(LINT). DRN, DRV1JPW 294

*WLO BN(NBN), WHI BN(NBN) DRVUPW 295
CDR VU PW 296

C LOOP D0-101 IS PATTERNED AFTER LOOP 00-700 IN GRC'S DRVUPW 297
C PROGRAM ATXGEN. ORVUNW 298

DO 101 I=1,LINT DRVUPW 299
C CREATE THE 8-WORD DATASET-BI AMD SET THE FIRST SEVEN WORDS. DR VUNP 300

CALL CREATE ( S. NBI O RVUPW 301
ONLO BI(riBI) - BNLD BN(NBN) * FLOAT(l-1)DBRN DRVIJPW 302
8MM! BI(NBI) -BNLD BI(NBI) 4 DP;ý DRVUPW 303
WLO ei (Mel) * I.F04'O/BNHI 8!(#;(' 1 DRVUPW 304
WHI WINWI - 1.E+O4fBNLO BI(NBI) DRVUPW 305
BKGNO B! (NB!) -0. DRVUPW 306
TRlANS BI(NBI) - 0. ORVUPW 307
TFLAG BINS!) - 0. DRVUPW 308
IF( I .EQ. 1 ) TFLAG BI(NBI) - 1. ORYUPW 309
IF( I .GT. I .AND. I .EQ. LINT ) TFLAG BI(NRI) -2. DRVUPW 310

C DR VUJPW 311
C SET WORD-5 OF DATASET-BM. L1NRV BN(NBN), WHICH IS A POINTER TO DRVUPW 312

itC THE LIST HEADER FOR Tr4lE DATASET-BI. THERE IS. OF COURSE, A PRYUPW 313
C DIFFERENT POINTER FOR EACH OATASET-BN. USE OF SUBROUTINE ORVUPW 314

C PUTBOT MEANS YHAT THE HIGHEST WAVELENGTH (OR LOWEST WAVENUMBER DRVUPW 315
C ) IS ON THE BOTTOM OF THE LIST. ORVUPW 316

CALL PIJTBOT ( LINRV BN(NBN), NB! DRVUPW 31?
101 CONTINUE DRVUPW 318

C DRVUPW 319
C GET LBAIID, THE POINTER TO THE LIST HEADER FOR DATASET-BN. IF DR VU PW 320
C THE INPUT BANDS ARE ORDERED WITH RESPECT TO INCREASING VALUES ORVUPW 321
C OF ALAM2 (ASSUMING ALAN? ,GT. ALAN!). THEN USE OF SUBROUTINE DR VU PW 322
C PUTBOT MEANS THAT THE HIGHEST WAVELENGTH (OR LOWEST WAVENUMBER DRVUPW 323
C )IS ON THE BOTTOM OF THE LIST. DRVUPW 324
C DRVUPW 325

CALL PUTBOT ( LBANO. NBN ) RVUPW 326
GO TO 100 DRVIJPW 327

cc DRVUPIW 328
C BAND-LIMIT WAVENUP4BERS ARE INPUT. DRVUPW 329

102 WHIM - AI4IN1 (WI. W2 )DRVUPW 330
*MA -N4AX1 CWI. W2 )DRVUPW 331

ALMIN - I.E+04fbI4AX DRVUPW 332
ALMAX - .E.04/1141N DRV1JPW 333

C CREATE THE 5-WORD DATASET-BM AND SET THE FIRST FOUR WODS. ORVUPW 334
CALL CREATE ( 5, NBN ) OVUJPW 335
BMLD BN(NBN) - ALMIN ORVUPW 336
BNNI BN(NBN1 - ALMAX ORVUPW 337
WLO BN(NBN) * WMIM" DRYUPYJ 338
WHI BM(NBN) - WMAX ORVUPW 339
OWN. ( WHI BN(NBN) - WLO BN(NBN) )/FLOAT(INT) DRVUJPW 340
WRITE(6,303) ALLMIN, ALMAX, WLD BN(NB), WHI BN(NBN), DRVtIPW 341

*FLOAT(LINT), OWN DRVJPW 342

C ORVUPIS 343
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C LOOP D0-103 IS PATTERNED AFTER LOOP DO-702 IN GRC'S DRVUPW 344
C PROGRAM ATKGEN. DRVUPW 345

00 103 I-I,LINT DRVUPW 346
C CREATE THE 8-WORD DATASET-BI AND SET THE FIRST SEVEN WORDS. DRVUPW 347

CALL CREATE ( B, NBI ) DRVUPW 348
WLO BI(NBI) - WLO BN(NBN) + FLOAT(I-1)*DWN DRVUPW 349
WHI BI(NBI) - WLO BI(NBI) * OWN DRVUPW 350
BNLO BI(NBI) - I.E+04/WHI BI(NBI) DRVUPW 351
BNHI BI(NBI) - 1.E+04/WLO BI(NBI) DRVUPW 352
BKGNO B1 (NBI) - 0. DRVUPW 353
TRANS BINBI) - 0. DRVUPW 354
TFLAG BI(NBI) - 0. DRVUPW 355
IF( I .EQ. 1 ) TFLAG BI(NBI) - 2. DRVUPW 356
IF( I .GT. I .AND. I .EO. LINT ) TFLAG BI(NBI) - 1. DRVUPW 357

C DRVUPW 358
C SET WORD-S OF DATASET-BN. USE OF PUTTOP MEANS THAT THE LOWEST DRVUPW 359
C WAVENUNBER (OR HIGHEST WAVELENGTH) IS ON THE BOTTOM OF THE DRVUPW 360
C LIST. DRVUPW 361

CALL PUrTOP ( LINRV BN(4BN). NBI ) DRVJPW 36?
103 CONTINUE DRVUPW 363

C DRVUPW 364
C GET LHV (LBAND) FOR DATASET-ON. IF THE INPUT BANDS ARE DRVUPW 365
C ORDERED WITH RESPECT TO INCREASING VALUES OF WI (ASSUMING W2 ORVUPW 366
C .GT. WI), THEN USE OF PUTTOP MEANS THAT THE LOWEST WAVENUMBER DRVUPW 367
C (OR HIGHEST WAVELENGTH) IS ON THE BOTTOM OF THE LIST. DRVUPW 368

CALL PUITTOP ( LBAND, NBN ) DRVUPW 369
GO To 100 DRYUPW 370

105 NBANDS - MIND( J, 5 ) DRVUPW 371
CCC DRVUPW 37?
CC * * * COMPUTE BAND-MODEL PARAMETERS AFTER SETTING PARAMETERS IN DRVUPW 373
CC XYZCOM AND OPTION COMMONS NEEDED FOR SUBROUTINE TRANSB. DRVUPW 374

ITMTE Z 2 S LTHTE - 3 ORVUPW 375
READ (5,301) TRNSOPT DR VUPW 376
WRITE(6,304) TRNSOPT DRV1JPW 377
CALL TRANSB ( LBAND ) DRVUPW 378

CCC DAVUPW 379
CC * * * INITIALIZE ATHOSPHERIC SHELLS AFTER SETTING PARAMETER IN DRYUPW 380
CC XYZCOM COMMON. DRVUPW 381

READ (5,300) FACT DRVUPW 38?
WRITE(6,302) FACT DRVUPW 383
CALL SHELLS DRVUPW 384

Ccr DRVUPW 385
CC * * * PREPARE TO CALL SUBROUTINE UPWELL BY SETTING NEEDED PARAMETERS DRVUPW 386
CC IN VARIOUS COMMONS. DRVUPW 387
CC * SET PARAMETERS IN AEROK CM(MON. DRVUPW 388

READ (5.315) KVIS. KPTYPE DRVUPiW 389
WRITE(6,317) KVIS, KPTYPE DRVUPW 390

CC * SET PARAMETER IN OPTINI COMMON. DRVUPW 391
READ (5,301) RADSW DRVUPW 39?
WRITE(6,305) RADSW DRVUPW 393

CC * SET PARAMETERS IN UPWELS COMMON. DRVIJPW 394
UPWALT , 0.0 S UPWLON - PLON S UPWLAT - PLAT DRVUPW 395
READ (5,315) KNADIR, NAZI DRVUPW 396
WRITE(6,319) NNADIR, NAZI DRVUPW 397

CC * SET PARAMETER IN XYZCON COMMON. NOTE NPOLS !S KNOWN AS W4OLS DRVUPW 398
CC IN SUBROUTINE ATWAD BUT AS NSPEC IN SUBROUTINE TRANS. DRVUPW 399

--NOLS " 10 DRVUPW 400
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CC * SET TWO OF THE PARAMETERS FOR SUBROUTINE UPWELL ARGUMENT LIST DRVUPW 401
READ (5,3151 MSM DRVUPW 40?
WRITE(B,321) MSM DRVUPW 403
SPCULR - .FALSE. DRVUPW 404
IF( MS9, .EQ. 2 ) READ (5,301) SPCULR DRVUPW 405
WRITE(6,322) SPCULR DRVUPW 406

CCC DRVUPW 407
CC * * * LOOP OVER BROAD BANDS WITH CALLS TO SUBROUTINES SETALT AND DRVUPW 408
CC UPWELL. THE PORTION OF THIS LOOP THROUGH THE CALL TO DRVUPW 409
CC SUBROUTINE UPWELL (BUT WITHOUT THE SUBSEQUENT PRINT) IS ORVUPW 410
CC PATTERNED AFTER THAT IN THE GRC PROGRAM OLOOK. DRVUPW 411
CC USE OF PREV IN STATEMENT LABELS 106 AND 107 MEANS THAT BOTH DRVUPW 412
CC BANDS AND BAND INTERVALS ARE BEING PROCESSED IN ORDER OF ORVUPW 413
CC INCREASING WAVENUMBERS. DRVUPW 414
C ON THE FIRST CALL TO SUBROUTINE PREV, THE INPUT VALUE OF DRVUPW 415
C LHBAND IS EQUAL TO LBAND, THE (I-FIELD) POINTER TO THE (2- DRVUPW 416
C FIELD) LIST HEADER FOR DATASET-BN, WHEREAS THE RETURN VALUE OF DRVUPW 417
C LHBAND IS THE LAST (3-FIELD) LINK-WORD FOR DATASET-BN AND THE DRVUPW 418
C RETURN VALUE OF NBN, THE DATASET-BN INDEX (OR POINTER), IS THE DRVUPW 419
C Q-ARRAY ADDRESS OF THE FIRST (NOT ZEROTH) WURD OF DATASET-BN. ORVUPW 420
C SUCCESSIVE CALLS TO PREV RETURN SUCCESSIVE LINK WORDS AS THE ORVUPW 421
C VARIABLE LHBAND UNTIL THE LAST CALL (WHICH RETURNS ZERO FOR DRVUPW 422
C THE DATASET INDEX NBN) RETURNS THE (2-FIELD) LIST HEADER AS DRVUPW 423
C THE WORD FOR LHBANO. DRVUPW 424

J - 0 DRVUPW 425
LHBAND - LBAND DRVUPW 426

106 CALL PREV ( LHBAND, NBN ) DRVUPW 427
IF( NBN .EQ. 0 ) GO TO 110 ORVUPW 428
J =aJ + 1 DRVUPW 429
IF( . .GT. 5 ) GO TO 110 DRVUPW 430
I = 0 ORVUPW 431

C LBINT IS SAVED FOR CALL TO SUBROUTINE UPUELL. DRVUlPW 132
LBINT - LINRV BN(NBN) DRVUPW 433
LINT = LINRV BN(NBN) DRVUPW 434

107 CALL PREV ( LINT. NBI ) DRVUPW 435
IF( NBI .EQ. 0 ) GO TO 108 DRVUPW 436
1 - 1 4 1 DRVUPW 437
IF( I .GT. 10 ) GO TO 108 DRVUPW 438
WW(I) - 0.5"( WHI BI(NBI) + WLO BI(NBI) ) DRVUPW 439
OWlI) - ABS( WHI BI(NBI) - WLO BI(NBI) )DRVUPW 440

C ALAMCI) AND OLAMCI) ARE USED ONLY IN MRINTING THE RESULTS SO DRVUPW 441
C THAT BOTH WAVENUMBERS AND WAVELENGTHS ARE READILY AVAILABLE. DRVUPW 44?

ALAM(I) - I.E*04/WW(I) DRVUPW 443
DLAM(I) - ABS( BNHI BI(NBI) - BNLO BI(NBI) ) DRVUPW 444
GO TO ID7 DRVUPW 445

108 CONTINUE DRVUPW 44Eý
NWAVE(J) - MINO( 1, 10 ) DRVUPW 447
NWAVEJ - NWAVE(J) DRVUPW 44R

CC * SET ARGUMENT-LIST PARAMETERS FOR SUBROUTINE SETALT. DRVUPW 449
ALMAX = 1.E+04/( WW(1I)-O.S'DW(I) ) DRVUPW 45n
ALMIN - I.E+04/t WW(NWAVEJ)+O.S*DW(NWAVEJ) ) DRVUPW 451
ALMIN - AMAX1 ( ALMIN, 2.0 1 DRVUPW 45?
ALMA.X - AMIN1 C ALMAX, 5.0 ) ORVUPW 453
CALL SETALT ( ALMIN, ALMAX. . ) DRVUPW 454

CC NOTE THAT SUBROUTINE SETALT OUTPUTS, THROUGH UPWELS COMMIN, DRVUPW 455
ýC NALT(J) AND ZKM(IIJ). DRVUPW 456
CC * NOW READY TO CALL SUBROUTINE UPWELL. DRVUPW 457
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REWIND 8 DPVUPW 4589

CALL UPWELL (M$M. DO. WW, DW, SPCULR, LEINT, J ' OqVUjPW 469

CCDRVUPW 461

cc ** PRINT RESULTS. DRYUPW 46?
REWIND B prip 6

40 FRMATE(1H,4042X,*tJPWELLING RADIANCE RESULTS FROM PROGRAM DRVUPW*/I DRVUPW 46
402 FDMATUPWl 465

$X,48X,33H1N UNITS OF WATTS/(CM**2 SR CM-I)) DPVUPW 465

WRITE(6,401) 3, PIWAVEJ DVD 6

401 FORMAT (1HO,5X ,8H3=3BAND=I?, 14H NWAVE('),3 ORVUN 46?

WRITE(6,406) (WW(L).OW(L),ALýAM(L).OLAM(L).L=1,KAVEJ) DRVUpW 468

406 FORMAT (*0 FOR THE SPECTRAL QUANTITIES WE HAVE (FOR L=1,NWAVE3) DRVUPS 469

S1)hE QUARTETS WW(L'J, OW(L), ALAbP(L), AND DLAM(L) r'/(5X,1P8E1?.4)) OPVUPW 470

WRITe (6,403) MSM 
QRVUPW 4?1

403 FORMAT (1M0.5X,5HMAT.=, !3'; 
DRVUPW 47?

IC -0 
DR VIJ PW 473

ICC = 0 
DRVUlPW 474

NALTJ NALT(3) 
ORVUPW 475

DO 475 1h1, INALTJ 
DRVUPW 476

WRITE(6,409), ZKM(II,3) 
ORVUNW 477

409 FORMAT (1H0,5XIOHALTITLIDE =,F7.2,48 KM1 DPYUJVW 478

00 470 J134,NNADIR 
r;1 VUPW 479

WRITE(6,404) 33 
DRVUPW 480

404 FORMAT (1H0,IX,-NADIR 2 =12ý 
URV`UPW 481

READ(S) ( ? UPRAD(KKLLh.KKXi.NAZI ),LL=1,NWAVEJ ) IRVUPW 48?

WRITE(6,405) 
ORV!JPW 483

405 FORMAT (4x,*NO CLOUDS*/2%,?IHAZIMUTN WAVENUMBER..5X,1cHUPRAO(K.L OR VUPW 454
O) RVUPW 485

CCC 
ORVUPW 486

DO) 480 KK=1,NAZI 
DRVUPW 48?

WRITE(6,407) KK, ( UPRAO(KK,LL),LL=I.NWA7E3 L PR VON 48?

407 FORMAT (2X, 15 ,1PIOE12.4) 
ORVL'PW 450

480 CONTINUE 
DRVUPW 4??ý

CCC 
DRV1JPN 491

IF( (CLOFLO .EO. 0.0) .OR. ZKA( 11.3) .LT. 12.0) )GO TO 470 DRVUPW 4W

READ(S) (((RDO0(KKt.LL'.RO?EtKK,LL .F516L¾ORIKL) 
RVUPW 4q3

$ RIOC(KK,LL)), KVlHZLWI,NWAVE3) ORVUPW 494

WRITE(6,60S) 
DRVIJ- PW 495

605 FORMAT (IHO,3X.*WITH CLOUOS./2X.21HAZIMUIT' / WMVENUMBCR. ,5I,E4HARC DRVIJPW 49r

$VKLI. ROIO(KLJ. R025(K.L), R050K,L), RRO(KL). RIOO(KL)) DRVIJN 49?

IF ( 33 .E7O. 1 ) ICC = ICC ri 1lýPW 4:

DO 680 KK='1,NAZID 
Vp 5O

WR!IE(6,6070) IK, (ARCVA(ICC,33.LL ),LL=1,NWAVEJ) 
ORV1IPW 501

WRITE(6,6071) IKK, (R010(KK,LL).LLtI,NWAVE3) ORVU
0
cw 5",

WRITE(6,607?) IkK, (RO?S(KK,LL).LLtINWAVEJ) ORV1JPW 5O?

WRITL(6.6073) IlK, (R050(KK,LL).LL-I,NWNVEJ) ORVUPW 5014

WRITE(6,6074) "lK, (P.090(KKLL ),LL-1.NWAV~Fl IDR VUJ'W l5C

WRITE(6,6O?5) IkK, (R1DO(KK,LL),LL1I,NWAVEJ) DPVU;w ;0f,

6070 FORMAT (1,IX 4 6H AJ1CV ,IP10E1Z,4) Dpvl% S0

6071 FORMAT (IX: 14 *6H R010 , PIOF1?.4) DRTPVUP 509

607? FORMAT OIX, 14 ,6H R025 , IPOE1?.4) DRVUl'w 510o

6073 FORMAT (IX, 14 *6H R050 , P10E1?.4) DPVVU"'a 5ý11

6074 FORMAT '1X, 14 .6H 400? *iP1OFI?.4) DPRV11P. 51i

6075 FORMAT (iX, 14 ,G4 R!3X , IPIOEI?.4) D9 WJQW 513

680 CONTINUE 
D "o 1

470 CONTINUE 
DRpy,:ýw 514



CCC DRVUPW 515
WRITE(6,413) DRVUPW 516

413 FORMAT (IHO,1K,'AZIP*JTh-AVERAGED RrSUuS@,/3x,*wO CLDUDS'/2x,21H N DR.'JPW 517
SADIR / WAVENUMBER.,SX.13HUPRADA(1,3,L)) DRVUPWJ S18
DO 465 3J'1MNWAIR DRVUPW 519
WRITE(6,411) 3.1, ( UPRADA(II.J3.LL).LLd1,mJAYEJ ) RVUPU 520

411 FORMAT (2X, 15 ,1P1OE12.4) DRVIrW1 521
455 CONTINUE ORVUNW 52?

CCC DRVUPW 523
1F( (CLOFIG .EQ. 0.0) .OR. (zKMCII.3) .LT. 12.0) ) GO TO 4?5 PQV)IFV 524
WRlTE(6,613) DRVUPV 525

613 FORMAT (1NO,3X,-W1TH CLOUDS'/2K,2lii NADIR / WAVENUPBER.,SK,82HARC DRVUPW 526
$VA(I,3,L), ROIOA(I,3,L), RO2SA(I,3.L), ROSOA(I.,,L), ROQOA(I.3,L). DRVUPW 527
S RIOOA(I.3.L)) DRVURN 528
xc xc IC DRVUPW 529
DO 665 13=1,NNAOIR DRVUPJ 530
WRITE(6.6110) J.1, (MRCVA(ICJJ.LL),LL=1,Nt4AVEJ) DRVUPW 531
WRITE(6.6111) .3.3 (RO1OA(IC,33,LL).LL*1.NNAVEJ) DRVUPV 532
WRITE(6,6112) 33, (RO2SA(IC,3J,LL),LL-1,NWIAVEJx) ORVUPV 533
WRITE(6,6113) .33. (ROSOA(IC Ji.LL),LL.1,NWAVE3) (WVUMJ 534
WR1TE(6,6114) 3.1, (RDMCA(TIC, J.J.LL).LL-1. NVAVEJ) DRVUPW 535
WRITE(6,6115) Jd, (R100A(IC,J1,ujLL.1.mWAVu) DRVIJPW 536

6110 FORMAT (IX. 14 , 6N ARCVA,1PIOEI2.4) DRVUPW 537
6111 FORMAT (1X, 14 , EH ROIOA,1P1OE1Z.4) ORVURN 538
6112 FORM4AT (H., 14 * EH RO2SA,1P10E12.4) iwtVUPW 539
6113 FORM4AT (lX, 14 * 6H ROSOA,IP1OE12.4) ORVUPSI 540
6114 FORMAT (1X, 14 * 6H RO9OA,1P10E12.4) DRV!JPW 541
6115 FORMAT (1X, 14 , 6 R100A,1P10E12.4) DRVUPiI 542
665 CONTINUE DRVUPW 543
475 CONTINUE ORVPJ PW 544

CCC OQWI"W 545
WRITE(6,414) D R Vtýh  546

414 FORMAT (1NO,LOX,'AZIPJTh-. AND NADIR-AVERAGED RESULTS VS ALTITUDE') OR VU PW 547
WR1TE(6,415) DRVUVIt' 548

415 FORM4AT (1HO,1X,*NO CLOUDS'/2X,I7NALT / WAVEML'MBER..5X,-IJPRADN(I,L, DRVUPW 549
13)') DRVUPW 550
DO 490 ]I-I=,ALTJ DRVIJPW 51;
IJRITE(6,417) ZKM(IIJ), ( UPRADN(7I,LL.J),LL=1,MWAVEJ D RVUPW 552

417 FORMAT (21,F7.2,1P1OE12.4) DRVUPW 553
490 CONTINUE DRVUPW 554

CCC DRVUPW 555
IF( CLDFLG .EQ. 0.0 ) GO TO 109 DRVIJPW 556
IC -0 DRVUPW 557
WRITE(6,61S) DRVUNW 558

615 FORMAT (1HO,1.'.WITm CLDUDS'/2x,I714ALT / WAVENUMBER.,Sx,'ARCVN(I,L DRVUPW 559
1), RDION(1,L), RO2SN4(I.L), RDSOwNx,i), RO9ON(1,L), R100N(IL)') DRVUPW 560

I.DO 690 11z1,NALTJ DRVUPW 561
IF( ZKM(II,J1 .LT. 12.0 )GO TO 690 DRYUPW 562

*c-I IDVP 563
bMITE(6,6170) ZKM(11,J), ARCVN(IC.LL),LL-.1NWAVEJ ) ORVUPW 564
WRITE(6,6171) D(M(I1,3), R01014(IC,LL).LLs1,NWAVE3 ) DRVUniPW 565
WRITE(6.6172) ZKM(I1,J), (ROSnW(1C,LL),LLul,MwAVE3 ) DRVUPW 566
WRITE(6,6173) ZKM(1!,3). R05ONCIC.LL),LL-1,NWAVEJ ) DRVUPW 567
WRITE(6,6174) ZKM(1I,,3), (R090N(IC.LL).LL.1,NfWAVE3 ) DRVUPW 568
WRITE(6 6175) DKM(1I,3), (RIOOW(IC.LL).LLsI,ISAVE3 3 DRVIJPW 56q

6170 FORMAT UlX, FE.2 6H ARCVN.IPIDE1?.4) DRVUPW 570
6171 FORMAT (IX. F6.2 *6H ROIOPI.IP1OE1Z,4) DRORVUP 571
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6172 FORMAT (lX, F6.2 , 6H RO2SN,1P1EI2.4) ORVIPW 572
6173 FORMAT (lx. F6.2 * 614 ROSON.1P1OE12.4) DRV'JPW 573
6174 FORMAT (lX, F6.2 , 6H RO9ON,IP10E12.4) DRVUPW 574
6175 FORNrA

T 
(1X, F6.2 , 614 RIOON.,IPOE12.4) DRVUPW 575

690 CONTiNUE ORYU ,; 576
SC109 C TO 106 DRVUPW S7
110 CUNTINUE ORVUPW 578
200 STOP DRYJPW 579

CC ORVUPN 580
300 FORMAT ( 8E10.O ) DRVUJPW 581
301 FORNAT(L10) DRVUPW 58,
302 FORMAT (1HO,lX, 6HFACT -,F6.2) DRYUPW 583
303 FORMAT ( IP 6E15.5 ) ORVUPV 584
304 FORMAT (IHO,IX, 9HTRN5)PT -,L2) DRVUPW 585
305 FORMAT (114,1X, 7HADSW -. L2) ORVUPW 586
315 FORMAT ( 3110, 3E10.O ) DRVUPW 587
316 FORMAT (110,IX, 6HIYRS =,13,7X,7HIMCNS =13,7X.7HIDAYS =,13,7X,4HZ DRVUPW 588

ST -,F6.3,4X,5HGCO =,FB.3,3X,5HGLO -,FB.3) DRVUPW 589
317 FORMAT (114,1X, 6HVIS =,J2,7X,8HKPTYPE -,12) DRVUPY 590
318 FORMAT (IHO,1X, 8HCLDrLG =,F3.0) DRVUPW 591
319 FORMAT (114,1X, 8MNNADIR a.I2.7X.6HNAZI -,I.) DRVUPV 592
320 FORMAT (4E10.0, 110) DRVUPW 593
321 FORMAT (1HO.101 SWIM -.12) ",ORVU.f 594
322 FORMAT (1HO,1X, 8*SPCULR -. 12) ORVUPW 595
323 FORMAT (]HO1,11,5025) DRVIJPW 596

END ORVUPW 597

FUNCTION ACCUM( ITYPE, Y1, X2, Fl, F2, A. 8 ACCLD4 2
pACCum 3

*CLJ FUNCTION ACCLP4 INTEGRATES BETWEEN 1-A AND X=8 A FUNCTION F(X) ACCUIM 4
CLJ Gl1CzM AT TWO POINTS X1 AND X2 BY LINEAR. LOGARITHMIC, OR ACCUN 5
CLJ P~ih1R-LAM INTFRPOLATION, CORRESPOND ING TO ITYPETI .2.3 . ACCUM 6
CLJ RES'EcCTIVELY. LINEAR INTERPOLATION IS ASSUNED IN CASE THE ACCUM 7
CUJ OTHER, METHODS WOULD FAIL. PCCUN 8
C ACCUM 9

* -GO TO (1, 2, 3 ). ITYPE ACCUM 10
1 ACCUM -. 5 / ( X2 - X1 ) * ( F2 8 C - X1 )ý2 -(A - X1 )"2 )ACCUM 11

1 - Fl * (B - X?)2 -( A - X2 )-2 )AC CUM 1?
RETURN ACCUM 13

2 IF(Fl1*F2.LE.0. )GO TO l ACCUM 14
IF (ABS( 1. - Fl / F2 ) .1T. 0.01 ) GO TO 1 ACCUM i5

-LN ALOGC F? f F1) ACCUM 16
ACCUM -Fl / ALlNt * ( EXP( (B - X1 X 2 - X] ALN9 ACCUM 17
1 EXP( ( A - X1 ) X I Xl ) LR X21(9) *( - X1 ACCtP' 18
RETURN ACCUM 19

3 IF ( Xl - X2 .LE. 0. .OR. Fl -Z LE. 6. 1GO TO 1 ACCUM 20
EVA. -ALOG( F2IFI ) / ALOG( X2 ' %1 ) ACCUM 21
IF (ABS( [VAL. G.6. 10. )GOTO 1 ACCUM 22
ACCUM -Fl / (( EVAL + 1. )-X1*'EVAL ) * *(B( EVAL + 1. )- ACCUM 23

I A1( EVIL + 1. )ACCUM 24
RETURN ACCUM 25
END ACCEP' 26
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SUBROUTINE AEROSOL( HCM,LAMDA.XK.SCT,XKABS,GBAR I AERSOL 2
CCC AERSOL 3
C SUBROUTINE AERSOL COMPUTES ATTENUATION COEFFICIENTS FOR AERSOL 4
C SCATTERING AND ABSORPTION AND THE ASYMMETRY FACTOR (AVERAGE AERSOL 5
C COSINE OF THE SCATTERING ANGLE) DUE TO ATMOSPHERIC AEROSOLS. AERSOL 6
C THIS PROGRAM IS BASED DIRECTLY ON THE WORK OF E.r. SHETTLE ANO AEFSCL 7
C R.W. FENN OF AFGL AND USES A PORTION OF MATERIAL WHICH WILL AERSOL B
C APPEAR IN A FORTHCOMING DOCUMENT (AFGL-TR-77-XXXX), "MODELS OF AERSOL 9
c THE ATMIOSPHERIC AEROSOLS AND THEIR OPTICAL PROPERTIES'' By Ed.P AERSOL 10
C SHETTLE AN• 

0
.W. PENN. AERSOL 11

C IN SUBROUTINE AERSOL, THE WAVE• ENGTH REGION IS RESTRICTED TO 2-5 AERSOL I?
C MICRONS AND PROPERTIES ARE PRESENTED FOR AVERAGE SEASONAL CONDI- AERSOL 13
c TIONS ONLY AND FOR ALTITUDES LESS THAN 100 KM. THE ALTITUDE AERSOL 14
C RECION FROM SEA LEVEL TO 100 KM IS DIVIDED INTO FOUR REGIONS.,. AERSOL 15
C A BOUNDARY LAYER 0-2 KM AERSOL 16
C B TROPO_, H ERE 2-9 KM AERSOL 17
C C STRATOSPHERE 9-30 KM AERSOL 18
C 0 UPPER ATMOSPHERE ROn-lOC KM AERSOL IQ
C IN W-E TROPOSPHERE AND THE BOUNDARY LAYER REGION, PROPERTIES ARE AERSOI. 20
C COMPUTED FOR ONE OF FIVE VISIBILITY RANGES (S0.23,10,5,2 KM' AND AERSOL 21
C IN THE BOUNDARY LAYER, FOR ONE OF THREE TERRAIN TYPES (RURAL. AERSOL 2?

C URBAN, AND MARITIME). IN THE STRATOSPHERE A CONTRIBUTION FROM AERSOL 23
C VOLCANIC AEROSOLS IS ALSO ADDED TO THAT FROM BACKGROUND AEROSJ dS. AI, SoL 2'

C THE ABSORPTION COEFFICIENTS ARE COMPUTED AS A PROOUCT OF A SCALE AERSnl. 25
C FACTOR (EQUAL TO THE AEROSOL EXTINCTIONS AT 0.55 MICRONS) FOR THE AERSOL ?c

C DIFFERENT MODELS TIMES ATTENUATION COEFFICIENTS FOR THE AERSOL 27
C SCATTERING, ABSORPTION AND THE ASYMMETRY FACTOR AS FUNCTIONS OF AERSOL ?8
C WAVELENGTH NORMALIZED TO THE EXTINCTION COEFFICIENT AT 0.55 AERSOL 29
C MICRONS. AERSOL 30
CCC AERSOL 3!
CLJ AERSOL 32
CLJ VERSION I OF THE VISIDYNE-SUPPLIEu AERSOL ROUTINE WAS RECEIVED ON AERSOL 33
CLj 10/13/77. WE HAVE LEFT GBAR, THE ASYMMETRY FACTOR, IN i•ti ARSU- AERSSOL id
CLJ MENT LIS•T BUT Hl4E COMM4ENTED OUT THE SIATEMENTS WHICH EVALUATE AFRSOL 3-
C,., GBAR BECAUSE OUR TREATMENT OF AEROSOL TRANSMITTANCE DOES NOT USE AEPSODL 36
CLJ IT. OUr TREATMENT PROVIDES FOR ATTENL!ATION BY ABSORPTION AND IERSOL 37
CLJ SCATTERING OUT OF THE BEAM BUT FOR NO SCATTERING INTO THE BEAM. .- RSOL 3S
CLJ IT WAS OUR UNDERSTANDING THAT G.E.TFMPO (EWING, 10/18/77) ALSO AERSOL 3q
CLJ PLANNED TO ACCOUNT ONLY FOR SINGLE SCATTERING OF AEROSOLS (AS AEPSOL 40
CLJ OPPOSED TO ACCOUNTING FOR MULTIPLE SCATTERING WITHIN NUCLEAR AERSOL 4 1
CLJ CIOUDSI. ON THIS BASIS WE INTEGRATED SUBROU

T
INE AERSOL INTO OUR AERSOL 4?

CLJ UPWEI LING NATURAL RADIATION MODEL AND INTERFACED IT WITH THE GET AERSOL 47

CLJ TRANSMISSION MODEL. AFPSnL 4d
CLO AERSL A5
CLJ OUR COPY OF VERSION 2 OF AERSOL IS DATED 2/13/78. WE HAVE UPDATED AERSOL 46
CLJ OUR VERSION I WITH THE SUBSTAN

T
IVE CHANGES IN VERSION 2 BUT DID AFRSIL 47

CLJ NOT INCLUDE THE NONSUBSTANTIVE CHANGES IN SPELLINGS. AERSOL 48
CLJ AERSOL 49
CL. NOTE...WE HAVE ALSO MADE CORRECTIONS PERTAINING TO THE SEARCHING AERSOL 50
CL.) OF THE WAVELENGTH ARRAY IN DO-LOOPS 6, 7, 9, AND 10. AERSOL 51
i L.LJ IF LAMDA=WAVE(12)rS.O MICRONS ERRONEOUS VALUES OF XKSCT AERSOL ?
CL3 AD XKABS WOULD BE RETURNED TO THE CALLING PROGRAPM. AERSOL 5?
CLj AEPS.L 54e

CLLJ VERSION 3 (08/29/78) PROVIDES... AETSOL 55
CLJ 1. THE ALTITUDE IN THE ARGUMENT LIST TO BE IN CENTIMETFRS AEPSOL 5F
CLJ :NSTEAD OF KILOMETERS. AERSL7L 57

CLJ 2. THE SCATTERING AND ABSORPTION ATTtNUATION COEFFICIENTS TO BE AERSOL 5F

-?!3



AERSL 59

CL] It I/CY INSTEAD Of SIKN. 
AERSOL 69

C ')POvICES.. AERSOL 61
CLJ VERSION 4 (01/13/71) PERO LM E.AERSOL 

62

CLJ 3, A TEST (2.0 . LANDr, .LE, 5.O) FOR NZXRO VALUES OF THE AERSOL 67

CL.) OUTPUT PARAMETERS.
C, NOTE.. .REýý-,r REPORT 'I-401, THE COMPUTER MODEL FOR T POSPHERIC AERSOL 63

ýLJ AERSOL OPTICAL PROPERTIES, BY C.H. HUMPHREY, M.E. GARDNER, AERSOL 64

CLJ E.P. SAET-TLE, AND R.W. FENN, JUNE 1978, WAS RECEIVED AT SAI AERSOL 65

CL.) 13 DEC 78. THE REVISED SUiBROUTINE AERSOL IN THIS REPORT AERSOL 66

CLU CORRECTS AN EARLIER E;,ROR WHICH LED TO ERRONEOUS RESULTS IF AERSOL 67

CLJ LP.OA=s.O MICRONS. HOWEVER, SAI HAS RETAINED ITS OWN AERSOL 6e

CLU EAJ•'ZRA O'r'rprT CORRECT:Z?. THE SAI CORRECTION ALSO AERSOL 69

rLJ ALLOWS THE SUBROUTINE TO COMPUTE NONZERO ANSWERS F(rf AERSOL 70

CLJ L&'")A=2.0 MICRONS, IN CONTRAST WITM THE VI VERSION. AERSOL 71

CU INPUT PARAMETERS 
AERSOL 72

C JAER 
SO L 7 ý

CLJ ARGUMENT LIST 
AERSOL 43

CLU HCM ALTITUSE ABOVE SEA LEVEL, CM 
AERSOL I5

CL3 LAADA = WAVELENGTH, MICRONS 
AERSOL 75

CL.) AEROK COMMON 
AERSOL 76

CM KVIS - VISIBILITY RANGE PARAMETER (FOR H=O-g KMý AERSOL 77

CLJ 
I 1 CORRESPONd4S TO VISIBILITY RANGE = 50 KM AERSOL 78

CLJ 
2 CORRESPONDS TO VISIBILITY RANGE 23 KM 4ERSO-L 79

CLJ. 
3 CORRESPONDS TO VISIBILITY RANrCE ,10 KM AERSOL B0

CLJ 
4 CORRESPONDS TO VISIBILITY RAN;E S KM AERSOL 8e

ClJ 
5 CORRESPONDS TO VISIBILITY RANGE = ? mi. AMRSOL 82

CLJ KTYPE TERRAIN PARAMETER (FOR H•0-2 KM) 
AERSOL 83

CU 
I TERRAIN = RURAL 

AERSOL 84

CLJ 
2 TERRAIN. = URBAN 

AERSOL 86

CLJ 3 TERRAIN = MARITIME 
AERSOL 86

CL) OUTPUT PARAMETERS 
AERSOL 87

CLJ ARGUMENT LIST 
AERSOL 8

CLJ XSCI TSC RING ATTENUATION COEFFICIENT, "IM AFRSD• 89

CLJ XKABS ABSORPTION ATTENUATION COEFFICIENT, 1/CM AERSOL q

CLJ Gb A = rsYMETRY FACTOR 
AEiR'- a!

AER50L 9?

CLJ VA'lA.' ES IN DATA A-RAYS 
AERSOL 13

CLj WAVEII' WAVELENGTH ARRAV FOR ABSORB. ASY". AND AERpSOl 95

CL. 
SCAT ARRAYS. 

AERSOL 95

CLJ ABSUBM(I,- .... . MORWLLIZED ABSORPTION ATIENUAIO4 
ERSOL 96

CLJ ABSC30I' 1) COEFFICIENTS. 
AERqSOL 9-

CLU ASjKLA(I..), .. = ASYMwETRY FACTORS. 
AERPSL 9F

CLJ ASYMDNI ) 
AER SK .

CLJ SCAT 1.3 ,..., NOR=ALIZED SCAT-TERING ATTENUATION

CLJ SEATD( 1) COEFFICIENTS. 
AEQSOL IC°

CL) ABC, AND 0 SIGNIFY ALTITUDE REGIONS. 
AEQS0L I(o

CLJ INDEX I REFERS TO WAVELENGTH ARQAY. 
AEOSOL I(

CLJ INDEX J REFERS TO AEROSOL TYPE FOR H=O-? KM. AERSOL 104

CLJ SCAL1 I ..... NORMALIZED SCALE FACTOR FOR ALTITUDE AEVSOi , 1

CLJ SCAL5I() REGIONS AS FOLLOWS... 
AERSOL 107

'I A BOUNDARY LAYER 
AERF SOL 108

CLJ 
2-3 TROPOSPHERE 

AER SO" IOF

CLJ 
3,4< STRATOSPHERE, VOLCANIC 

AERSl 109

CLJ 
5=0 UPPER ATM-OSPHERE 

A[QS0'-

CLJ INDEX I REFERS TO ALTITUDE. FOR REGIONS I ANP 2. SCAL IC .ERS0 1

CL3 DOUBLY DIMENSIONED WIV'• 3 REFERRING TO VISIBILITY RANGE. AERCS',l'

CLJ (ALTITUDE VALUES SPECIFIED IN HITE ARRAY FOR REGION I' A•EDS 113

CL.) DIM~ENSION HITE(4•,SCAI-I(4S) 
"WAVE 'SCAT 3A A A EI2

2 3q



1 SCATh(12),A85088(12), SCATC(12,2). AERtOL 116
2A8508C(12.2). SCATD(12).ABSOSOD(12), AERSOL 117
3 SCAkLZ(8.2),SCAL3(22).SCAL4(22).SCALS(1I) AER5OIL 118

CC DIMENSION ASYMA(12,4). ASYfl3?1). ASYMC(12,2), ASYMO0i?) AERSOL 119
CO*3M/AEROK / KYIS, KPflPE AERWiO 2
REAL LAMDA AERSOL 121
DATA(WAVIE(!).s1.12)/2.O.2.25.2,1,2.7,3.O.3.2,3.392.3.S,3.75,4.fl,4 AERSOL 122

1.5,5.0/ AERSOL 123
DATA(Hh1E(z).lý1,4;/o.O,l.0.1.5.2.a/ -AER9I)L 124
DATACSCALl(I.1hlsl= ,4)/6.9SE-2.2.58E-2.1.81E-2.9.7OE-3/ AERSOL 125
DATA(SCAL1(1 .2).1'1,4)f1.57E-1,9.9oE-2.7.92E-2.6.21c-21 AERSOL 126
DATA(SCAL1(1,3).1.1.4)/3.72E-1,3.12E-1,3.72E-1.6.21E-2I AERSOL 1217
DATA(SCAL1(!,4),1a1.4)/7.57E-1,7.57E-1,7.57E-1,6.Z1E-2/ AJERSDL 128
DATA(SCAL1(1,5).Izl,4)I1.88,l.B8,1.88,6.21E-2/ AERSOL 129

lS.33oE-2,9.33m-2,9.2s1E-2,9. 598E-29.394E-2,9.001E-2, AERS'IL 131
28.O11E-2,7.672E-21 AERSt.. 132
DATA(ASSO8A(1 ,1),T-1.12)/2.763E-2,z.gg4E-2,2.g32E-z,6.5s9E-z. AERSOL 133
13.696E-2.2.046E-2,1 .979E-2.1ý.583E-2,1.357E-2.l.465E-2. AERSOL 134
22. 219E-2,2.033E-2f AERSOL 135

CC DATA(ASYPIA(I.1),I=1,12)/.715..7306..7459,.7863,.7714,.74g1,.7456, AERSOL 136
CC 1.7316,.7337..7390*.1560,.7636/ RERSOL 137

0ATA(SCATA(1,2),I1,112)/1.129E-1,9.833E-2.8.75&-2.7 .286E-2. AER¶)L 13$
17.209E-2,7.572E-2,7.383E-2,7.SOOE-2,7.258E-2.6.939E-2, AERSOL 139
16.220E-2,5.900E-2/ AERSOL 140
DATA(A8SO8A(1.2),I-1,12)/1.339E-1.1.?4DE-2,1.1S7E-1.1.288E-1 AEPSOL 141

1.1.075E-1,92346E-2.8.966E-2,8.61OE-2,B.063E-2,7.739E-2. AERSOL 142
27 .474E-2,6.824E-21 AERSLIL 143

CC DATA%(ASYMA(1.21.I=1,12)f.649..6609,.6730,.6900..5937,.6894, AERSOL 144
CC 1.6907,.6841..6887..6943,.7099,.7193/ AERSOL 145

OATA(SCATA(I.3).I4,.12)/7.159E-1,6,772E-1,6.093E-1,4.399E-..1 AERSOL 146
13.271E-1.4.594E-1.5.670E.1,5.849E-1.5,645E-1,5.ZB9E-1, AERSOL 147
24.5213E-1.4.072E-1I AERSOL 148
DATA(ABSOBA(1 .3),! s1,12)/1.380E.2,1.062E.22.2125E..2,9134E..2. AERSOL 149
13.327E-1 .2.208E-1.8.004E-2,4.164E-2.1.718E-2*1 .985E-2, AERSOL 1ý[,
24.247E-2.3.660E-2/ AERSOL 15!

CC DATA(ASYWACI.3),.1.112)f.7B57.27931..8114,.8611,.8205,.7724 AERSOL 1s2
CC l..7448,..7413,.7475,.7530,.7630,.7645/ AERSOL 153

DATA (5CAL2(1 ,1),1-.18) I 9.706-3,9.25E-3,8.32E-3,7.OBE-3,5.63E-3, AERSOL 154
1 4.26E-3,2.39E-3,1.40E-3 1 AERSOL 155
DATA tSCAL?(1,2),1rl.8) / 6.21E-2.3.OQE-2.1.53E-2,7.OSE-3,5.63E-3, AERSOL 156
1 4.26E-3,2.?9E-3,1.40E-3 I AERSOL 157
DATACSCAT8(I).!-1.12)/6.761E-2,5.005E-2.3.797E-2,2.650r-2, AERSOL 158
12.394E-2,2.350E-2,2.1331-2,.2174E.2,1.838E-2,1.564E-2, AERSOL 15Q
21 .159E-2,8.487E-3/ AERSOL 160
DATA(A8508S(I).s1,112)/1.O92E-21,1146E-2,1.157E-2.3.891E-2. AERSOL 161

11.S8QE-2,6.769E-3.6.481E-3,4.826E-3.4.O1?E-3,d.n3E-3. AERSOL 116?
27.013E-3,6.233E-31 AERSOL 163

CC DATA(ASYMR(t),1s1.12)/.SSZS,.5688,.5SE1..5427..5305, AERSOi 164
CC 1.5236,.5I66..5a89..4999,.4910..4739,A46141 AERSOL 165

DATA (SCAL3(1),lrl,?2) / 1.406-3,g.64E-4.7.B7E-4.6.53E-4,S.7OE-4, ArRSOL 166
1 5.44E-d.5.19E-4.5.1ZE-4,5.13E-4,s.41E-4.5.3?E-4,5.olE-44  AERSOL 167
2 4.ZSE-.4.3.SSE-.42371E-4,1.946-4,1.41E-4,1.03E-4.7.BZE-5, AERSOL 166
3 S.94E-S.4.66E-5,3.32E-5 / AERSaL 169
DATA (SCAL4(i),1.1.fll I 1.40E-3,1.62E-3,1.95E-3.2.33E-3,2.77E-3, AERSOL 170
1 2.89E-3.2.92E-3.2.74E-3,2.46E-3,2.1OE-3,..71E-3,1.35E-3, AERSOL 171
21.OQE-3,8.60E-4.6.BOE-4,5 .1SE-4,4. 1OE-4,3.20E-4,2.SlE-4, AERSOL 17?
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32.IOE-4.1.24E-4.7.60E-5/ AERSOL 173
DATA(SCATC(I ,1).I=1,12)/4.0S5E-2.2.57OE-2,1.560E-2,9.306E-2. AERSOL 174

16.321!-3 ,.6.003E-3,6.274E-3,6.232E-3,5.103E-3,4.030E-3, AERSOL 175
22.AZOE.3.1 .A49E-3f AERSOL 175

OATA(ABSOSBC(I,1).I.1.121/1.282E-3.1.574E-3,2.894E-3.4.030E-3. AERSOL 17?
1S.8?8E-2,7.671E-2,S.300E-2,7.917E-2.6.019E-2.5.391E-2, AERSOL 178
24.55k'E-2,4. l32E-2/ AERSOL 179

cc OATA(ASYPC(I,1),1s1,12)/.3223. .2686,.2233,.1916,.1580,.I416. iISOi 180D
CC 1.12"9,.1242,.I1OS..0983,.0780,.0629/ AERSOL lesl

DATA(SCATC(I,2),Ifl.12)/1.353E1-,1.020E-1,7.792E-2.6.343E-2. AERSOL Th2
15.126E-2,4.262E-2.3.761E-2.3.435E-2,2.913E-2.2.394E-2, AERS3L 183
21 .775E-2.1 .204E-2/ AERSOL 184
OATA(ABSOBC( 1,2),I=1,12)/1.OlvE-2.8.668E-3,8.429E-3,8.424E-3. AERSOL Bss
19.493E-3.9.361E-3.7.431E*.3.5.537E-3.4.879E-3,3.487E-3, ALRSOL 186
23.186E-3,3 347E-3/ AERSDL 187

cc DATA(ASYICUI.2).lfl,12)/.5561.5255,.4958,,4729..4401..4196,. AERSOL 188
CC 14015..3915. .36999.3490,.312S,.2773/ AERSOL 189

OArA(SCATD(I ).1=1,12)/4.822E-1,4.160E-1,3.574E-1,3.162E-1, AERSOL 190
12.645E.1 ,2.367E-1.2. 147E-I ,2.042E-1.1.84%E-1 .1.700E-1, AERSOL 191
21.509E-1,1.37BE-1I AERSOL 192
DATA(ABSO8O(I).14,.12)/6.161E-2.7.539E-2.8ý943E-2,1.O05E-1, AERSOL 193

11.161E-1,1.254E-1,1.331E-1.1.368E-1.1.435E-I,1.472E-1; AERSOL 194
21.463E-1,1.373E-1/ AERS3L 195

CC DATA(AS'YMJ(I),I=1,12)I.6989,.7046..?099..7133..fl59,.7155, AERtSOL 196
CC L.7134,.7116,.7O6B..6986,.6827..667/ AERSOL 197

DATA(SCAL5(1).1.15)f3.32E-5.1.65E-5.8.O0E-6.4.02E-6. AERSOL 198
12.10E-6,1.09E-6.5.7RE-7,3.OSE-7b1.60E-7.6.95E-8.2.90E-8. AERSOL 199
21 .2OE-B,. 1OE-9,2.1SE-9,9.30E-10f AERSOL 200

C AERSOL 201
C AERSOL 20?
C AERSOL 203

IF( (LANDA .GE. 2.0) .AND. (LAMM .LE. 5.0) ) GO TO 1000 AERS3L 204
wRITE(6,900) LAMDA AERSOL 205

900 FORMAT (1X.*SIJBROUTINE AERSOL HAS BEEN ENTERED WITH LANDA =MIPE12. AERSOL M06
S5-, WHICH IS OUTSIDE THE ALLOWED RANGE (2.0 TO 5.0 MICRONS).-/- ZE AER3)L 207
SR0-VALUES HAVE BEEN ASSIGNED TO THE OUTPUT PARAMETERS XKSCT AND XK AERSOL 208
SASS.*) AERSOL 209
GO TO 11 AERSOL 210

1000 CONTINUE AERSOL 211
H - hOE-OS * HCM AERSOL 212
IF(H AT. 0.) STOP AERSOL 213
IF( H.GT.100. )GO TO 11 AERSOL 214
IF(MAH.T. 30. 1GO TO 4 AEQ2IL 215
IF( HAT. 9.0 3GO TO 3 AERSOL 216
IF( H.GT. 2.0 3GO TO 2 AERSOL 21?

c AERSOL 218
C ALTITUOE'.0-2 KM AERSOL 219
c AERSOL 220

1 DO 8 J-2,4 AERSOL 221
HIF H.GE.HITE(J) ) GO TO 8 AERSOL 222
COMCN=(H-HITE(J-1))/(HITE(J)-HITE(J-11) AERSOL 221
ASCAkL-SCAL1(3-1.KVIS)-(SCAL1(J-1.KVISI-SCAL1(J.KVIS3)'CO~N AERSOL 224
GO TOS5 AERSOL 225

8 CONTINUE AERSOL 226
IF( H.EQ.2.C) ) ASCAI. SCALI(4,KYIS) AERSOL 227

5 00 6 J-.?1 AERSOL 228
IF( LAII)A.GT.WAVE(J) )GO TO 6 AERSOL 229
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CDWN CLA4tIA-WAVIE(3-I1)!rtWAytr?.WlkvE(3-1) '1 AP SOE 7

XCAESSAtiSSOBAf >1,KPTYPE)- IABSO)BA(-I 21Kc)TYPE I A8STEA( J,rPTYP9 ) ASS2 2321
*c we,-sAF 9 SOL 232

cc GSAR= A SYVAt J-. KP'vr'F' A~" -,PYEI-Sl 'KTC0' CW,4 A6~ F fl±
GO TO 100 AERSOL !7 3

8 CONTINUE &ER &)L 2 1

C ALT I'OE =2- 9 KM A E 0SOL, 23
c AERsr1L 739

2 Im;8.1.O A FP.SO L ?.I
H1=1841 A E RSOu ?a"i
S= 2 AEQSOL, 2d?
IF' KVIS.EO.1 )i 3 I AERSOt 243
IF( H.NE.9O0 GO TO 12 AERSOL 244
ASCAL * K S L21b,31 DJRSOL 24
GO TO 13 AEPSOL ?-16

12 ASCAL = S tf1.~(CL(.3sC at.,puiw' A F;,SO, ?4'
13 DO 7 3=2,12 AE1SOL 24R

1F( Lk'CA.GT. WAVE(J) ) GO TO 7 AERSO)L 369
COKN=rLAkM1A-WAvEc3-12,/(WAVE(3)-WAVE(J-1) AEQ0SOV1- 251'1
XKSCT=SCATB(j-l;.-IýcATB! 3-1'-SC-ATB(d1'1'COW3IN AEPC'zL 25i

XK~S=ASOB(J.).(BSOB(31)~SSO5t~l* MA AEftSO,, 252
CC G~kRASY't13-1)-(AtvY's(3-1)-ASv'c(3)WccnJN, AERSOL 2S

GOI To 100 ARO C
7 CONTINUE AER5OL 255

C AERSOL, 256 3
2A.LTITLrDEzg-30 KM AERS&ý, 25'ý

c AEPSOL 253
3 18=H-8.0 AE45 2 C 59

H1±18+8 AýSEP5. 5
IF( M.NE.3O. GO TD 16 AEPSL 261
FB SCALI3(22) AERSO. 26?

VOLC SCAL4(22) AERSOI 262ý
GO TO is AtQSOL 2641

14 PSG SC&; 311H)-fSC'A! 3lm'-SCA-V!W1Y(w! 9E'S
0L 26

15 00 9 3=2,12 AERSOL, 26?
19(' L&MA.G!.WAVEI3) GO TO 9 AEPSOL 269

WFC1±C~C(~1l'.2SATi3.11 -SCAIc2.1 )4COh04O AERS-2Ll 2

XKAPS1=18503013 - 3,1 A-ASrZL-,-pJS~J1'9' &5s 7?'
XKABS2=AFS~l,)C f3J1, 2) - (ABSOB9C Q 1. ?=ABSOBC 0, 2 -COWN AERSO 273
XK SCTeXKSCTj*F SGtU SCT2*VOLC A! CS,), ?74
XKAS=IVARSI*FBG.1KA8S2J'.OLC A(P 'fl 2''YR ;

cc S8AR1?=AsyI4Cf(J-1. 2 ASY7!3'1, I . V' 2 .1-.SY I'*CO"P% A,~f P '75

cc GRAR=(XKSCTIeG3A.Rl*XKSC¶2tGBAo?\U/xKSC'1.1KSCT2ý CR505 71
WTO 105 ARSf' 749

9 CONTINUE A!GS Q 0'
r AE Q~ sr '2p

C ALTIUOE Is GPEATER THMl 30 KM AERPS,
C AEPSO'

I15 m.4.E.100. GO TO 16 AEL F ?r



ASCAL = SCAL5(I5) AERSOL 27C
GO TO 17 AEPSOL 7?R

16 ASCAL =SCALSIIH)-(SCALS(IIH)SCAL5(iH+1))*(H-HI)/5.O AERSUL ?89
17 DC, 10 3=2,12 ATRSOL ?90

IF( LAM0A.GT.WAVEMJ ) GO TO 10 AEPSOL 291
CMOWN=(LAMDýA-NAvErJ-1))/(WAVE(J)-WAVEIJ-1)) ArRSOL ?Q2
XKSCT=SCATO(i3-11.(S)CATO,(J-l1)l3CATO(J))*COMON AEPSOL 293
XKABS=A5SOBD(.J-1)-(A9SOBD(J-1I-A8SO8D(3fl)COMO~N AEPSOL 294

cc GBAR=ASYMD(J-1)-(ASYMD(JI3)-ASYMO,(3fl*COM3N AERSOL 295l
GO TO 100 AER SOL 2965

10 CONTINUE AERSOL 297
100 1t-ABS=XKABS*ASCAL AEF.SQL 29R

XKSCT=XKSCT*ASCAL AERSOL 299
GO TO 105 AERSOL 300

1 XKABS 0.0 AERSOL 301,
XST= 0.0 AERSOL 30?

cc GEAR = 0.0 AERSnL 303
105 XKABS = 1.OE-05 * XKAES AERSOL 304

XKSCT =1.OE-O5 * XKSCT AER SOL 305
RETURN AERSOL 305
END AERSOL 307

SUBROUTINE AGAGEO)(H41,GCI.6L1,AZ?1.GA2I.HA2,GC?,GL?) ATAGEO 2
CCC AGAGEO 3
C SUBROUTINE AGAGEO (A MODIFIED HARC ROUTINE). GIVEN THE AGAGEG 4
C GEOGRAPHIC COORDINATES OF POINT 1, THE AZIMUTH AND EARTH-CENTRAL AGAGED 5
C ANGLE OF POINT 2 WITH RESPECT TO POINT 1, AND THE HEIGHT Or AGAGEO 6
C POINT 2, PROVIDES TH4E GEOGRAPHIC COORDINATES OF POINT 2. AGAGED 7
CCC AGAGTO 0
C INPUTS FROM CALL STATEMENT AGAGEO 9
C HAI = ALTITUDE CL POINT 1. CM ACAGEC 10
C GC1 COLATITUDE OF POINT 1, RADIANS AGAGEO 11
C GLT = EAST LONGITUDE OF POINT 1, RADIANS AGAGED I?
C AMz? AZIMUTH ANGLE OF POINT ? RELATIVE TO PO'N' I, PADS AGAGED 13
C GA?l = GEOCENTRIC ANGLE OF POINT ? RELATIVE TC 'iT 1, RAD AGAGE0 14
C HA? = ALTITUDE OF POINT 2, CM AGAGED 15
C OUTPUTS AGAGED 16
C *!C? = COLATITUDE OF POINT 2, RADIANS AGAGED 17
C GL? a EAST LONGITUDE OF POINT 2, RADIANS AGAGEO 38
CCC AGAGED 19

DATA PI,RE / 3.141592653590,6.37103Ee08 /AGAGED 20
CCC AGAGED 21

IF( GA21.EQ.O.O ) GO TO 100 AGAGGEO 22
RI - RE+HAI AGAGEO 23
R? RE.HA2 AGAGED 24
SR12 SORT(R1*R1 + R2*R2 - ?.*R.1R2*COS(0A21)) AGAGEO 25
IF( SR12,FO.O.0 ) GO TO 100 AGAGED 26
SINXI = R?*SIN(GA?1)/SRl2 AGAGFC 27
COSXI t (SR12**2 + R12- - R?n21/I2.*SR12*R.1, AGAGED 2,8
XI =ATAN?( SINII,COSXI )AGAGEO) 29
HALFPJ = P/2. AGAGEGi 3D
EL21 = AI-HALFPI AGAGFC 31
CALL PEATANISRI2,FL21,AZ22.XE~YN,ZV) AGAG.En 3?
CALL TANGEO(HAI,GC1,GuLI,XE,YN.ZVHA22,GCQ,GL?) AGRGEQ 3?

99 RETURN AGAG~fl 34
100 GC2 GCl AGAGEO 3"

-' 2 C.. cl c Ewrn 1
GO TO 94. Aqarfl 3'
END AGAGEO 33



SUBROUTINE ATMRAD ( LOGIC, ISHELL, XFRAC, OS, LBINT ) AT4RAD 2
C ATHRAD 3
C *4A7MRAD* COMPUTES THE ATMOSPHERIC VOLUME EMISSION ON AN OPTICAL AThRAD 4
C PATH. ATHRAD 5
C ATMRAD 6
CLJ INPUT PARAMETERS ATMRAD 7
CLJ ARGUMENT LIST ATPR'AD 8
CL,] LOGIC - LOGICAL VARIABLE ATMRAD 9
CL - .TRUE. ON FIRST ENTRY FROM SUBROUTINE TRNSCO ATMIAD 10
CLJ (AND IS RESET TO .FALSE. IN ATNRAD). ATMRAD 11
CLJ * .FALSE. ON SUBSEQUENT ENTRIES ALONG THE SAME PATH ATMRAD 12
CLJ ISHEIL(1) - INDX(I) IN CALL FROM TRNSCO ATMRAD 13
CLJ ISHELL(2) - INDX(I+I) IN CALL FROM TRNSCO AThRAD 14
CLO ISHELL(3) USED IN EVALUATING THE LOGICAL VARIABLE TEST. AThRAO is
CLJ WILL TYPICALLY BE EQUAL TO INDX(I+2), A POSITIVE AiMRAD 16
CLJ QUANTITY EXCEPT ON THE LAST CALL TO ATMRAD WHEN ATMRAD 17
CLJ THE LAST PATH-SEGMENT IS BEING TREATED Al WHICH ATI4RAD 18
CLJ TIME ISHELL(3) WILL BECOME EQUAL TO INDX(NC#1) ATMRAD 19
CLJ WHICH HAD BEEN SET TO 0 IN SUBROUTINE STEP. ATrRAD 20
CLJ XFRAC(1) - XFRACS(I) IN CALL FROM TRNSCO ATMRAD 21
CLJ XFRAC(2) * XFRACS(I+1) IN CALL FROM TRNSCO ATMRAD 22
CLJ NOTE... TO UNDERSTAND THE VALUES AND USES OF ATMRAD 23
CLJ XFRACS(I), RECALL THAT THE TOTAL PATH HAS NC-i ATI4RAD 24
CLJ SEGMENTS ANM NC ENDPOINTS OF THESE SEGMENTS. ATMRAD 25
CL,] XFRACS(I) (I=I,NC) IS THE WEIGHT ASSOCIATED WITH ATYPAD 26
C'.J THE I-TH ENDPOINT APPROPRIATE FOR FINDING AT THAT ATMRAD 27
CLJ POINT THE LINEARLY-INTERPOLATED VALUE OF AVT'AD 28
CL,) PARAMETERS -- SUCH AS TEMPERATURE AND PRESSURE ATMRAO 29
CLJ (OR EVEN ALTITUDE) -- WHICH ARE SPECIFIED AT THE A4MRAD 30
CLJ TWO SHELL BOUNDARIES ADJACENT TO THE I-TH ATMRAD 31
CL.] ENDPOINT. ATMRAD 32
CLJ FOR VERIFICATION OF THIS INTERPRETATION, SEE THE ATMRAD 33
CLJ USAGE OF XFRAC(1) AND XFRAC(2) IN SUBROUTINE ATI'AD 34
CLJ ATMRAD FOR OBTAIN4ING ALTITUDE AND TEMPERATURE AT ATnRAD 35
CLO FRONT AND BACK OF CELL US. THE SAME CONCLUSION A,-MRAD 36
CLJ MAY BE DRAWN FROM THE USAGE OF XFRACS(I) AND ATnRAD 37
CLJ XFRACS(2) IN SUBROUTINE PATH. ATMAD 38
CLJ CONSIDER A HYPOTHETICAL EXAMPLE WITH HSHELL(I)-O., ATMRAD 39
CLJ 1.,2.,3. FOR 1-1,2,3,4 PLD 45-DEGREE PATH FROM AThPAD 40
CLJ ALTITUDE 1.9 TO 2.9 KM. THEN NC-3 AND WE HAVE THE ATMRAD 41
CL,] FOLLOWING VALUES FOR THE ARRAYS. A'TMRAD 42
CLJ I DS(I) XFRACS(I) INDEX(I) ATMRAD 43
CLJ- ATMR AD 44
CLJ 1 0.0 0.1 2 ATMRAD 45
CLO 2 0.1414 1.0 3 ATM* AD 46
CLO 3 1.2728 0.9 4 ATMRAD 47
CLJ 4 -1.0 0 ATMR AD 48
CLJ ATMRAD 49
CLJ OS * DS(1+1) IN CALL FROM TRN¶CO ATHRAD 50
CL,] NOTE... IT IS ALWAYS TRUE THAT CS(1)'O AND ATNRAD 51
CL.1 DS(NC+I)=-1., WHERE NC IS THE NUMBER OF PATH AIMRAD 52
CLJ SEGMENTS PLUS ONE. ATMRAD WILL NOT BE CALLED ATMRAD 53
CLJ WITH I-NC. (CM) AT44AD 5,1
CLJ LBINT * WORD NO. 5 IN GRC'S DATASET-BN (NO. 114). ATMRAD s5
CLJ STRICTLY, LBINT IS THE POINTER (I.E., CONTAINS THE ATMR*A 56
CLJ (Q-ARRAY) ADORESV FOR THE LIST HEADER OF THE ATMRAD 57
CLJ BAND-INTERVAL DAT,,SETS-B1 CORRESPONDING TO ATMRAD 58
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CL.) DATASET-UN. ATMRAD 59
CL,) XYZCOM COMMON ATMRAD 60
CL.. FACT - PATH RESOLUTION FACTOR CONTROLLING THE NUMBER OF ATMIAD 61
CL, ALTITUDES AND SPACING USED IN SUBROUTINE SHELLS. ATNRAD 62
CLU SET IN DRIVER PROGRAM. HERE IN SUBROUTINE ATMAD, AIWlAD 63
CL. FACT IS USED TO SET TOL, WHICH IS USED TO TEST ATMRAD 64
CLJ TEMPERATURE DIFFERENCES ACROSS CELLS. ATWRAD 65
CLJ HSHELL(J) - ALTITUDE BOUNDARY, CM (J.I,NS) (HSHELL(1)aO.) ATMRAD 66
CLJ TS(J) - TEMPERATURE AT ALTITUDE BOUNDARY J, DEG K A1WAD 67
CLJ U(I.N.2) - CUMULATIVE VALUE OF PATH PARAMETER U (AREAL ATMRAD 68
CLJ DENSITY) FOR TEMPERATURE-INDEX I AND SPECIES N AT ATWRAD 69
CLJ END OF LINE SEGMENT DS, CM AT STP ATMRAD 70
CLJ UP(IN.2) - CUMULATIVE VALUE OF PATH PARANFTER UP (PRODUCT OF ATMRAD 71
CLJ U AND PRESSURE P) FOR TEMPERATURE-INDEX I AND ATHRAD 72
CLJ SPECIES N AT END OF LINE SEGMENT DS, ATM-CM ATWAD 73
CLJ AT STP FOR U AND UP (1-1,2 , N-1,10) ATMRAD 74
CLJ W4OLS - NUMBER OF SPECIES. SET IN DRIVER. ATRAD 75
CLJ LTMTE - BINARY FILE CONTAINING THE BAND-MODEL PARAMETERS ATHRAD 76
CLJ WHICH WERE DERIVED IN SUBROUTINE TRANSB FROM THE AIMPAD 77
CLJ BASIC 5-(1/CM)-RESOLUTION DATA. HERE IN ATMRAD 78
CLJ SUBROUTINE A1MRAD, FILE LTMTE IS REWOUND FOR USE ATMAD 79
CLO IN SUBROUTINE TRANS. ATMRAD 80
CLJ OPTION COMMlON ATM AD 81
CLO TRNSOPT - LOGICAL VARIABLE AFFECIING COMPLEXITY OF MOLECULAR ATMRAD 82
CLJ TRANSMITTANCE CALCULATION (SEE SUBROUTINES TRANSB ATMRAD 83
CLJ AND TRANS). IN SUBROUTINE AINRAD, TRNSOPT IS USED ATMRAD 84
CLJ ONLY IN THE ARGUMENT LIST FOR THE CALL TO ATMRAD 85
CLJ SUBROUTINE TRANS. ATMRAD 86
CL.) DATASET 81 (BAND-INTERVAL DATASET, NO. 115) A1WAD 87
CLJ 0(1) " BHLO BI - LOW WAVELENGTH FOR WAVELENGTH-BAND-INDEX ATMRAD 88
CL.) J. MICRONS ATMR AD 89
CL.) Q(2) - BNHI 81 - HIGH WAVELENGTH FOR WAVELENGTH-BAND- ATMRAD 90
CLJ !NDEX J, MICRONS ATMRAD 91
CLJ QM(3) - ULO BI a LOW WAVENUMBER FOR WAVELENGTH-BAND-INDEX ATMRAD 92
CLJ J., CM-1 A1WAD 93
CLJ Q(4) a WHI B - HIGH WAVENUMBER FOR WAVELENGTH-BAND- ATMRAD 94
CLJ INDEX J, CM-I AIPRAD 95
CLJ OUTPUT PARAMETERS ATMRAD '16
CL,) DATASET BI AIWAD 97
CLJ Q(5) a BKGND BI - IN-BAND RADIANCE TO BACK OF CELL DS, ATMRAD 98
CLJ WATTS/(CM-2 SR BAND) A1W AD 99
CLJ 0(7) - TRANS B - PRODUCT OF MOLECULAR AND AEROSOL ATNRAD 100
CLJ TRAN9',ITTANCE TO BACK OF CELL DS ATMRAD 101
CLJ Q(8) - IDSBX 81 - CUMULATIVE AEROSOL TRANSMITTANCE TO ATMRAD 102
CLJ BACK OF CELL DS ATMR.AD 103
CLJ ' NOTE n* THIS IS THE SECOND OF TWO TEMPORARY USES OF ATMRAD 104
CLJ t** WORD-S (AND NOT THE GRC DICTIONARY USE OF ATMAD 105
CL,] e. WORD-B). HERE, IT IS USED TO CARRY ATMRAD 106
CL.) m INFORMATION TO SUBROUTINE UPWELL. ATMAD 10)
CL. ATMRAD lOB
CL,) WE ALSO NOTE, FOR COMPLETENESS OF DATASET B1, ATM AD 109
CLJ Q(6) - TFLAG SI - SEE SUBROUTINE TRANSB FOR DEFINITION. ATMRAO 110
CL. A'MA AD Ill

COMMON ONAREA, QWAREA(IO), QVREHD, ONOTST, QNLNKS, QZSIZE, ATMRAD 112
1 ONZBLK, QZHEAO, OCOUNT(30), 0DSIZE(IO), QNSIZE, QLUNIT(IO), ATMRAD 113
2 QERLUN, QFBITS(2,IO), 0(1) ATMRAD 114
COMMON / XYZCOM / ITMTE, LTMTE, MS. H5IELL(BI), TS(BI), PS(81), ATHRAD 115
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I XNSPEC(81,10), U(1O,10,2), UP(lO,1O,2), NMOLS, ATMRAO 126
2 FACT AEMRAD 117

COMMON / OPTION / TRNSOPT AIMRAD i18
DIMENSION IAU(1O), ABC(IO), ISHELL(3). KFRAC(2) ATMRAD 119
DIMENSION BNLO BI(1), BNHI 81(1), WLO B1(I), WHI BI10), ATMRAD 120

* BKGND 81(1). TFLAG 81(l), TRANS 81(1), IDSBE BI(1) ATMRAD 121
DIMENSION TDST BX(1), BELTS BX(1), ABCLD BX(1), UVRB R1(1), ATM AD 122

" XKABS BX(I) ATMRAD 123
c ATMR AD 124

EQUIVALENCE O(]), BNLO BI ), Q(2), BNHI B ), ATMRAD 125
* 0(3), WLO BI ), Q(4), WHI 1 ), ATMAD 126
* 0(5), BKGND 81 ), Q(6), TFLAG BI ), ATMRAD 127
* 0(7), TRANS BI 3, Q(B), IDSBX I 3 ATMRAD 128

EQUIVALENCE Q(1), TDST BX ), ((2), BELTS BX ), ATMRAD 129
* ((3), ABCLD BE 3, Q(4), UVRB BX ), ATMRAD 130
* 0(5), XKABS BE 3 ATMRAD 131

CLJ AT•R AD 132
CLJ DATASET-BX USED HERE IN SUBROUTINE ATMRAD IS A TEMPORARY ATMRAD 133
CLO FIVE-WORD DATASET WHICH SHOULD NOT BE CONFUSED WITH THE ATMRA 134
CLJ FIFTEEN-WORD DATASET-BX (NO. 118) USED IN THE GRC DICTIONARY ATMRAD 135
CLJ OF DATASETS. AIM AD 136
CLJ DATASET-BX PROVIDES VARIOUS PROPERTIES AT THE FRONT OF THE ATMRAD 137
CLJ CURRENT CELL DS. ATMAD 138
CLJ Q(1) a TDST BX - CUMULATIVE AEROSOL TRAN9MITTANCE TO AT'RAD 139

CLJ FRONT OF CURRENT CELL ATM AD 140
Cli Q(2) - DELTSBX = LENGTH OF LAST CELL (OR CELLS) IF IT (OR ATMRAD 141
CLJ THEY) WAS (OR WERE) SKIPPED OVER BECAUSE ATMWAn 14?

CLJ TEST = .TRUE. . CM ATMRAD 143
CLJ Q(3) M ABCLOBX - OPTICAL DEPTH AT FRONT OF CURRENT CELL, AINRAD 144

CLJ DIMENSIONLESS ATMRAD 145
CLJ Q(4) = UVRB BK = MOLECULAR ABSORPTION COEFFICIENT AT ATMIAD 146
CLJ FRONT OF CURRENT CELL DS, I/CM ATMRAD 147
CLJ Q(5) - XKABSBX - AEROSOL ABSORPTION COEFFICIENT, 1/CM ATW.AD 148
C ATMRAO 149

LOGICAL TRNSOPT, LOGIC, TEST ATWAD 150
C ATMRAD 151

LI - IS4ELL(1) ATMRAD 152
L2 = ISHELL(2) ATNRAD 153

CLJ HSFHSB AND TFRONTTBACK ARE, RESPECTIVELY, THE ALTITUDES ATMRAD 154
CLJ AND TEMPERATURES AT THE FRONT AND BACK OF THE CURRENT CELL DS ATMRAD 155
CLJ CORRESPONDING TO 0S(1+1), CM AND DEG K A8'!5X, 156

IF ( LOGIC ) HSF - XFRAC(I') * HSHELL(LI) + ( 1. - XFRAC(I) 3 ATMRAD 157
$ HSHELL(L2) ATWA AD 158

HSB * XFRAC(2) * HSHELL(L2) + ( 1. - XFRAC(2) ) * HSmELL(LI) ATMRAC 159
IF ( LOGIC ) TFRONT - XFRAC(I) * TS(LI) + ( 1. - EFRAC[I ) * AT•AI) 160

$ TS(L2) ATHRAD 161
TBACK = XFRACM?) * TS(L?) + ( 1. - IFRAC(?) 3 * TS(L5 ATRAD 16?

CLJ SET FILE POSITION FILPOS FOR USE IN SUBROUTINE TRANS. ATMRAD 163
FILPOS - I.E4 ATM AD 164

CLJ TEST = .TRUE. PROVIDED THE TEMPERATURE CHANGE ACROSS A CELL IS ATMRAD 165
CLJ LESS THAN ONE PERCENT (FOR THE STANDARD ATMOSPHERIC SHELL ATM AD 166
CL.) SPACING SET BY FACT-1) AND PROVIDED IT IS NEITHER THE FIRST AT14PAO IF)
CLJ 1NOR LAST CALL TO ANIMRAD. ATiAD 168
CLJ ,t, NOTE *-** GRC (IN PROGRAM ATKGEN) SETS FACT TO 10.0 IF ATMPAP 16Q

"CLJ TRNSOPT * .TRUE. ATIPA"A 17)
TOL - 0.01 * SORT( FACT ) AT4RAI " 171
TEST - ABS( TFRONT - TBACK )/ TFRONT LT. TEL .AND. AIWA) 17?
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$ ISHELL(3) .GT. 0 .AND. .NOT. LOGIC ATM*AD 17!
CLJ LOOP OVER SPECTRAL BAND-INTERVALS IN INCREASING WAVENUMBERS. ATMRAD 174

LINT = LBINT ATMRAD 175
2 CALL PREV ( LINT. J 1 ATNRAD 176

IF ( J .EQ. 0 ) GO TO 10 ATMRAD 177
CLJ CREATE A 5-WORD DATASET WITH INDEX JJ. (IN OTHER WORDS, JJ IS ATMRAD 178
CLJ THE ADDRESS OF THE FIRST OF THE FIVE WORDS.) ATMRAD 179

IF ( LOGIC ) CALL CREATL ( 5, JJ ) ATMRAO 180
CLJ CALL TO DSPWRD RETURNS ADDRESS, IDSBX BIM3) (WHICH IS STORED ATMRAD 181
CLJ AS WORD-B OF DATASET-BI), OF DSP WORD FOR THE DATASET-BX WHOSE ATMRAO 18?
CLO FIRST-WORD ADDRESS IS JJ (ALL FOR EACH J). (IN OTHER WORDS, ATM AD 183
CLJ lDSBX BI(J) IS THE POINTER TO THE DSP WORD FOR THE DATASET-BX. ATMRAD9 184
CLJ ) THIS IS THE FIRST OF TWO TEMPORARY USES IN THIS ROUTINE OF ATMAD 185
CLJ WORD-8 OF DATASET-BI. HERE IT IS USED AS A POINTER TO THE DSP ATMRAD 186
CLJ WORD FOR THE TEMPORARY DATASET-BX. ATMRAD 187

IF ( LOGIC ) CALL DSPWRD ( JJ, IDSBX BI(J) ) ATMRA" 188
IF ( LOGIC ) TRANS 8I(J) 1. ATMkA 189
IF C LOGIC ) BY^ND B1(J) = 0. ATMRAD 190
IF ( LOGIC ) TDST BX(JJ) = 1. ATMIWAD 191
IF C LOGIC ) ABCLD BX(JJ) 0. ATNRAD 192

CLJ CALL TO INDWRD RETURNS IN JJ THE INDEX (FIRST-WORD ADDRESS) A1W•AD 193
CLJ FOR THE DATASET-BX FOR WHICH THE POINTER TO ITS DSP WmORD ATNRAO 194
CLJ (ZEROTH-WORD ADDRESS) IS STORED IN IDSBX Bi(J) (WORD-8 OF ATHPAD IhS
CLJ DATASET-BI). ATMRAD 196

IF N .NOT. LOGIC ) CALL INDWRD ( IDSBX BI(J). 33 ) ATMRAD 197
WDL - WLO BI(3) ATMRAD 198
WDH - WHI BI(J) ATMRAD 199
W - .5 (WOL WDH I ATMRAD 200

CLJ SET MEAN WAVENUMBER W FOR CALLING PLANCK AND MEAN WAVELENGTH A'TMR All 201
CLJ WAVEL FOR CA,' 'NG AEROSOL. ATMRAr 202

WAVEL = 1.EA/W ATMRAD 203
CLJ DELTSBX(JJ) WILL NORMALLY EQUAL PS BECAUSE THE OLD DELTSBX(33) ATMRAD 204
CLJ WAS INITIALLY ZEROED BY THE DSA SYSTEM AND SUBSEQUENTLY ZEROED ATWAD 205
CLJ AT THE END OF EACH PASS THROUGH ATMRAD, EXCEPT WHEN AT]4RAI! ? 205
CLJ TEST =.TRUE, ATMRAD 207

DELTS BX(JJ) = DELTS BX(JJ) + DS ATNRAPl 208q
IF ( LOGIC ) CALL AEROSOL( HSFWAVEL,XKSCA.XKABS BX(JJ),GBAR ) ATWMRAl 209
CALL AEROSOL( HSB,WAVELXKSCA,XKABS*GBAR ) ATMRAD 210

CLU XKEXT IS THE AEROSOL EXTINCTION COEFFICIENT (1/CM) AT BACK OF A'rn 211
CLJ CURRENT CELL AND TOST IS THE AEROSOL TRANSMITTANCE TO THE BACK ATMRA ?212
CLJ OF CURRENT CELL A hMAD 213

XKEXT XKSCA + XKABS ATMRAD 214
TOST = EXP( -XKEXT * DS ) * TDOT BX(JJ) ATAFOAD ?11

C COMPUTE INCREMENTAL RADIANCE WHEN TEMPERATURE ATMRAD 216
C CHANGE IS MORE THAN ONE PERCENT Al STANDARD PATH RESOLUTION A IMP AD 217

IF ( TEST ) GO TO S ATMRAC ?IR
CLJ NOTE THAT SUBROUTINE TRANS RECLIVFS THE ARRAYS L'(I,N,?) AND ATMPA 219
CLJ UP(I,N,2) AS U(IN,I) AND UoIN,]). A'MPPAD 270

CALL TRANS ( 10, 1. U(I.1,2), UP1,1.2), XI, WDL. W`"H, TAU, ABC, ATWAD 221
$ NEW, TRNSOPT, FILPOS 1 ATh4RAI 2)??

CLJ NOW HAVE... AT"R AS 722
CLJ ABC - OPTICAL-DEPTH ARRAY TO BACK OF CURRENT CELL FOR ATMRAP 224
CL,? SPECIES NI,IO A2WPAt 225
CUL TNEW = WILECII[AR TRANSMITTANCE TO BACK OF CURRENT CELL ATMPA'D 276
CLJ TAU - MOLECULAR TRANSMITTANCE ARRAY TO RACK OF CURREN

T  
ATWP 2) 2

CLI CELL FOR SPECIES N=1.10 (UNUSED H .rFl ATUPAD 22?
CLJ RESET TNEW TO BE THE PRODUCT OF ThE MOLECULAR AND AERO_1L A T'FAID 2?3
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CLJ TRANSMITTANCE TO BACK OF CURRENT CELL (OS) ATRAD 230
TNEW - TNEW * TOST ATMRAD 231
ABCNEW 0 0. ATMAD 232

CLJ COMPUTE OPTICAL DEPTH FOR ALL SPECIES, ABCNEW, TO BACK OF ATMRAD 223
CLJ CELL OS. ATMA AD 234

DO 3 N=1,NI.OLS ATNRAD 235
3 ABCNEW - ABCHEW * ABC(N) AT*AO 236

ABCNEW a AMAXI( ABCNEW, ABCLD BX(JJ) ) ATMRAD 237
C ACCUMULATE SPECTRAL RADIANCE AND TRANSMISSION ARRAYS ATMRAD 238
CLJ UVRB - MOLECULAR ABSORPTION COEFFICIENT, I/CM (NORMALLY ATMRAD 239
CLJ FOR CELL DS) ATMRAD 240

UVRB * ( ABCNEW - ABCLD BX(JJ) ) / DELTS BX(JJ) AThRAD 241
IF ( LOGIC ) UVRB BX(JJ) - UVRB ATMRAD 242
BBOOYF - PLANCK( TFRONT, W ) ATMRAD 243
BBODYB - PLANCK( TBACK, W ) AThRAD 244

CLJ COMPUTE IN-BAND RADIANCE TO BACK OF CELL OS BY AVERAGING OVER ATMRAD 245
CLJ PATH SEGMENT DS WITH LOGARITHMIC INTERPOLATION. THIS STEP IS ATMWAD 246
CLJ VERY IMPORTANT. THE FACTOR (WOH-WDL) CONVERTS FROM SPECTRAL ATMRAD 247
CLJ TO IN-BAND RADIANCE. AT'RAD 248

BKGND BI(J) - BKGND B1(J) 4 ACCUM( 2. 0., DS, ( UVRR WX.JJ) + ATMRAD 249
$ XKABS BX(JJ) )*BBODYF*TRANS BICJ), ( UVRB + XKABS )* ATmRAD 250
$ BBODYB*TNEW, 0., OS ) * ( WOH - WVL ) ATNRAD 251

CLJ SET VALUE OF MOLECULAR AND AEROSOL TRANSMITTANCE TO FRONT OF ATMRAD 252
CL, NEXT CELL FOR NEXT CALL TO ATMRAD. ATNRAD 253

TRANS BI(J) - TNEW ATMRAD 254
CLJ THE FOLLOWING TEST IS FOR THE LAST CELL. THE CALL TO DSTROY ATMRAD 255
CLJ REMOVES DATASET-BX AND ITS DSP WORD. (THE INDEX 3. AND THE ATRAD 256
CLJ DSP WORD FOR DATASET-BX ARE SET TO ZERO. THE SIX WOR USED ATHRAD 257
CLJ BY DATASET-BX ARE REGARDED AS FREE BY THE SYSTEM, THOUGH THEY ATM4 AD 258
CLJ HAVE NOT YET BEEN ZEROED.) INVOKE SECOND TEMPORARY USE OF ATHRAD 259
CLJ WDRO-8 OF DATASET-SI BY SETTING IT EQUAL TO TDST. A6IRAD 260

IF ( ISHELL(3) .EO. 0) CALL OSTROY ( JO ) ATMRAD 261
IF (ISHELL(3) .EQ. 0 ) CALL XMIT(1,TDST.IDSBX BI(J)) ATMAD 262
IF (ISHELL(3) .EQ. 0 ) GO TO 2 ATMRAD ?63

CLJ ZERO THE PATH-SEGMENT LENGTH, WHICH IS ALWAYS DONE UNLESS ATIMAD 264
CLJ TEST - .TRUE. ALSO, SET PROPERTIES AT FRONT OF NEXT CELL AThRAO 265
CLJ FOR NEXT CALL TO ATHRAD... ATlAD 266
CLJ ABCLD BX(JJ) ) OPTICAL DEPTH ATHRAD 267
CL.) IKABS DX(.).) - AEROSOL ABSORPTION COEFFICIENT ATMVAD 268
CLJ UVRB BX(JJ) - MOLECULAR ABSORPTION COEFFICIENT ATNRAD 269
CLJ TOST BX(JJ) - AEROSOL TRANSMITTANCE ATMRAD 270

DELTS BX(J.) - O. ATHRAD ?71
ABCLD BD(JX ) - ABCNEW ATMRAD 272
XKABS BX(JJ) * XKABS ATNRAD 273
UVRB BX(J3) - UVRB ATMAD 274

S TDST BX(J}) - TDST ATMRAD 275
GO TO 2 AN'IRmAD 276

C ATHRAD 277
10 IF ( TEST ) GO TO 11 ATMRAD 278

REWIND LTMTE ATMRAD 219
HSF - HSR ATAD 280
"TFRONT - TBACK ATJRAD 281

11 LOGIC - .FALSE. ATM9AD 28?
RETURN ATHRAD 283
END AT.l A• 284
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FUNCTION CANGLE(PILAT.P1LON,P2LATP2LON) CANGLE 2
CCC CANGLE 3
C FUNCTION CANGLE COMPUTES THE EARTH-CENTRAL ANGLE, CANGLE, CANGLE 4
C BETWEEN THE TWO CENTRAL RAYS TO POINTS Pl AND P2, GIVEN THE CANGLE 5
C LATITUDE AND LONGITUDES OF POINTS Pl AND P2. CANGLE 6
CCC CANGLE 7
C INPUT PARAMETERS CANGLE 8
C ARGUMENT LIST CANGLE 9
C PILAT - NORTH LATITUDE OF POINT Pl, RADIANS CANGLE 10
C PILON - EAST LONGITUDE OF POINT PI, RADIANS CANGLE 11
C P2LAT - NORTH LATITUDE OF POINT P2, RADIANS CANGLE 12
C PLON - EAST LONGITUDE OF POINT P2, RADIANS CANGLE 13
C OUTPUT PARAMETER CANGLE 14
C CANGLE - EARTH-CENTRAL ANGLE BETWEEN RAYS TO POINTS CANGLE 15
C P1 AND P2 CANGLE 16
CCC CANGLE 17
C CONSIDER THE SPHERICAL TRIANGLE PI-N-P2, WHERE N IS AT CANGLE 18
C THE NORTH POLE. CANGLE 19
CCC CANGLE 20

SINSIN - SIN(P1LAT)*SIN(P2LAT) CANGLE 21
COSCOS - COS(PILAT)*COS(P2LAT) CANGLE 22
ALPHAC - ACOS( SINSIN + COSCOS*COS(P2LON-PILON) CANGLE 23
CANGLE - ALPHAC CANGLE 24
RETURN CANDLE 2S
END CANGLE 26

FUNCTION DOT ( X; Y 3 DOT 2
C DOT 3
C *DOT* FORMS THE DOT PRODUCT OF TWO VECTORS. DOT 4
C DOT S

DIMENSION X(3), Y(3) DOT 6
DOT - X(1) * Y(1) + X(2) * Y(2) + X(3) * Y(3) DOT 7
RETURN DOT 8
END DOT 9

FUNCTION ERF(X) ERFF 2
"C ERF IS THE ERROR FUNCTION, BASED ON THE RATIONAL-APPROXIMATION ERFF 3
C FORMULA 7.1.2.6 IN THE NBS APPLIED MATH. SERIES NO. 55 (BUT E'FF 4
C WITH CONSTANTS REDUCED TO SEVEN DIGITS). ERFF S
C ERFF 6

Y ' 1.0 ERFF 7
IF(ABS(X)-4.O) 1,1,2 ERFF 8

1 , - 1.O/(1.÷O.327591*ABS(X)) ECFF 9
Y - 1. - ((((l.061405T - 1.453152)*T + 1.421414)*T - 0.2844967)*T ERFF 10

I * 0.2•idr.Q6)*T*EXP(-X*X) ERFF 11
2 ERF - SIGN(Y,X) ERFF 12

R ETURN ERFF 13
END ERFF 14
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SUBROUTINE ESURF(THI,THRPSI,ZKMMSM,DD,SPCULRZLAMIDAY,IFIRES. ESURF 2
ESURFI,SFREPSDTKS) ESURF 3

CCC ESURF 4
C SUBROUTINE ESURF PROVIDES THE BIDIRECTIONAL REFLECTANCE ESURF 5
C DISTRIBUTION FUNCTION (BRDF), DIRECTIONAL EMISSIVITY, AND ESURF 6
C TEMPERATURE OF THE EARTH'S SURFACE AT THE INTERSECTION POINT ESURF 7
C OF THE OPTICAL LINE-OF-SIGHT. SINCE THE SURFACE CATEGORY IS ESURF 8
L NOT AUTOMATICALLY CORRELATED WITH THE GEOGRAPHIC POSITION, ESURF 9
C THE USER MUST SELECT ONE OF THE SEVEN CATEGORIES PROVIDED. ESURF 10
CCC ESURF 11
C INPUT PARAMETERS ESURF 12
C ARGUMENT LIST ESURF 23
C THI - ZENITH ANGLE OF SOURCE (E.G., SUN OR FIREBALL) AT ESURF 14
C INTERSECTION POINT, RADIANS ESURF is
C WHEN SUBROUTINE SURRAD IS CALLED FROM SUBROUTINE ESURF 16
C UPWELL, AS IT IS IN THE NBR NODULE, THI IS SET IN ESURF 17
C SURRAD TO AN ARBITRARY (NON-PHYSICAL) VALUE OF ESURF 18
C -1.0 FOR NIGHTTIME CONDITIONS. ESURF 19
C THR - ZENITH ANGLE OF LINE-OF-SIGHT AT INTERSECTION ESURF 20
C PO-NT, RADIANS ESURF 21
C PSI - AZIMUTH ANGLE (AT INTERSECTION POINT) OF VERTICAL ESURF 22
C PLANE THROUGH LINE-OF-SIGHT, MEASURED RELATIVE TO ESURF 23
C THE SOURCE PRINCIPAL PLANE (I.E.. VERTICAL PLANE ESURF ?4
C THROUGH SOURCE RAY). A VALUE OF PSI=O CORRESPONDS ESURF 25
C TO FORWARD SCATTERING. IN RADIANS ESURF 26
C FOR NIGHTTIME CONDITIONS. PSI IS SET TO -2.0. SEE ESURF 27
C COMMENT ABOVE FOR THIl. ESURF 28
C ZKM = ALTITUDE OF SURFACE, KM ESURF 29
C MSM = INDEX FOR CATEGOrlY OF SURFACE MATERIAL. ESURF 30
C s 1, LAMBERTIAN DIFFUSE SURFACE WITH SPECTRALLY- ESURF 31
C INDEPENDENT REFLECTANCE SET BY DD(S) AND ESURF 3?
C EMISSIVITY BY (l.-DD(1)). ESURF 33
C = 2, WATER ESURF 34
C = 3, SNOW ESURF 35
C - 4, SAND ESURF 36
C = 5, SOIL ESURF 37
C - 6, FOLIAGE ESURF 38
C = 7, URBAN MATERIAL ESURF 39
C DO(M) ADDITIONAL DESCRIPTOR FOR SELECTED SURFACE ESURF 40
C MATERIAL. ESURF 41
C FOR M = 1, (IAMBERTIAN SURFACE). D0(1) gDIFFUSE ESURF 4?
C REFLECTANCE. TYPICAL VALUE IS 0.10 ESURF 43
C FOR M = 2, (WATER), DD0() = WIND SPEED, MISEC. ESURF 44

C FOR M - 3, (SNOW), D0(3) = SNOW-AGE PARAMETER, ESURF 45
C DD(3).CE.O. .AND. .LE.I. VALUES OF 0- AND 1. ESURF 46
C CORRESPOND TO NEW AND OLD SNOW RESPECTIVELY. ESURF 47

C FOR M - 4,5,6, DD(M) NOT USED. [SURF 48

C FOR M - 7, (URBAN MATERIAL), DD(7)-DEGREE-OF-URBANIZATION, ESUPF 49

C DO(7).GE.O. .AND. .LE.I. FOR D0(7) 0 0., THE ESURF so
C SPECTRAL BROF CORRESPONDS TO A FLAT SURFACE ESURF 5i
C W!TH AVERASE DIRECTIONAL-REFLECTANCE PROPERTIES [SURF 52
C OF CONCRETE AND ASPHALT. FOR 0D(7) - 1., THE ESUP7 S3

C SPECTRAL BROF CORRESPONDS TO A DIFFUSE ESURF 54

C REFLECTOR MULTIPLIED BY A SHADOW-FACTOR ESUR F 5k

C S(THI,THR) - ( COS(EHI) + COS(THR) )/2. ESURF 56
C SPCULR - LOGICAL PARAMETER ESLIPF 57

C - .TRUE. COMPUTE COORDINATES OF SPECULAR ES'Jr 5P
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C REFLECTION POINT ESURF 59
C = .FALSE. DO NOT COMPUTE COORDINATES OF SPECULAR ESURF 60
C REFLECTION POINT E SUIRF 61
C ZLAM = WAVELENGTH, MICROMETERS ESUPF 6?
C IDAY ' INDEX FOR DAYLIGHT CONDITIONS AT POINT P ESURF 63
C = 0 IF SOLAR ZENITH ANGLE .GT. 90 DEGREES ESURF 64
C 1 IF SOLAR ZENITH ANGLE .LE. 90 DEGREES ESU"F 65
C IFIRES z FLAG FOR INCLUSION OF FIREBALLS ESURF 65
C - 0 IF NO FIREBALL IS BEING CONSIDERED ESURF 67
C WHICH IS ALWAYS THE CASE IN THE NBR MODULE. ESURF 68
C GT. 0 IF FIREBALLS ARE BEING CONSIDERED ESURF 69
C ESURFI = LOGICAL PARAMETER ESURF 70
C * .TRUE. IF ESURF IS CALLED FOR THE FIRST TIME FROM ESURF 71
C SUBROUTINE SURRAD AND BOTH EPSD AND TXS ESURF 72
C ARE WANTED IN ADDITION TO SFR AS OUTPUTS, ESURF 73
C WHICH IS ALWAYS THE CASE IN THE NBR MODULE ESURF 74
C .FALSE. IF ESURF IS NOT BEING CALLED FOR THE FIRST ESURF 75
C TIME FROM SUBROUTINE SURRAD AND A RECOMPU- ESURF 76
C TATION OF EPSD AND TKS IS NOT NEEDED, A ESURF 77
C POSSIBILITY WHICH OCCURS ONLY IF ESURF 78
C SUBROUTINE SURRAD IS USED AS A UTILITY ESURF 79
C ROUTINE WITH FIREBALLS AS SOURCES. ESURF 80
CCc ESURF 81
C ATMOUP COMMON ESURF F?
C T-17 AMBIENT ATMOSPHERIC TEMPERATURE AT ALTITUDE ZKM. ESURF 83
CCC ESURF 84
C OUTPUT PARAMETERS ESURF 85
C ARGUMENT LIST ESURF 86
C SFR = FSUBR(MDD(M),ZLAM'THI,THR,PSI) FSURF 87
C - BIDIRECTIONAL REFLECTANCE DISTRIBUTION ESURF 8m
C FUNCTION, I./SR ESURF 89
C (COMPUTED ONLY IF SOURCE IS ABOVE THE HORIZON) ESURF 90
C EPSO = 1.0 - RHOSUBM(ZLAMNTHR,2*PI) ESURF 91
C = DIRECTIONAL EMISSIVITY, DIMENSIONLESS. ESURF 9?
C TKS a SURFACE TEMPERATURE, DEG K. CS10F 9?
C POSITN COMMON ESURF 94
STHIS OUTP,,T OBTAINS ONLY IF MSMý2 AND SPCULR=.TRUE. ESIRF 9$
C SPCLAT - NORTH LATITUDE OF POINt ON SMOOTH HORIZONTAL ESURF 96
C WATER SURFACE FOR A SPECULAR REFLECTION FROM ESIJRF 91

C THE SOURCE TO THE DETECTOR (COMPUTED IN ESUQLr Q9

C SUBROUTINE GLITTR1, RADIANS ESURF Ql

C SPCLON - EAST LONGITUDE OF POINT ON SMOOTH HORIZONTAL ESURF 10•
C WATER SURFACE FOR A SPECULAR REFLECTION FROM ESURC 101
C THE SOURCE TO THE DETECTOR (COMPUTED IN tSURF VVý

C SUBROUTINE GLITTR), RADIANS ESURF I1r3
CCC ESUPF I.,

DIMENSION ,OD7) ALPMr7),BETIr71,GAMr7).R4,OrfTMPI (7),LL(7) EStllp lr,!
DIMENSION WV4ý18),WVI(16,.WV5r1?).WV7(23),GTHIO(7) ESuRF ICs

DIMENSION SP42:3_),SPS(16),SP6(12),SP7(23) ESupL 13'

CO4ON/ATMNOUP/ H ,SBAR,IDORN,PP,RHO,fT,SNI'30),HRHO,FEH-SEO ATO'UP 2
CDP9CN/P'OSIrN/ PPCSLAT,.PO SLON, PO SALT,.SPCLAT, SPCLON POSITH ?

$ ,Cl2LAT,C12LONC]?ALT POSI TN 3
LOGICAL SPCULR, ESURF 1 ESUPF I 13
DATA (ALPM'I).I-I. 7) / O..O.,3.,3.,2.5,2.5.4. ! ESu, 1'1
DATA (BETMiI),hI=, 7) / 0.,0.,0.9,0..5,O,.0.5 / [SURF I1?
DATA (GAMMI',I=I, 7) / O..O.,1.,I.,2.d.,2.? / ESIPr 13
DATA (RMOG'I),I=I, 7) E !.,O.,13.,2.5,1.,1.,.0.5 / ESI.ý l•.
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DATA (P4PI(1),I-1, 7) / 0.,O.,3.,4.,4.,10..1. I ESURF 115
DATA (GTHIO(I),I1-,7) / 1.,o,1.024,1.O15,1.O43,l.O95,l.01l I ESURF 116
DATA (LL(I), 1-1,7) / 0.0.0,18.16,12,23 / ESLRF 117
DATA P1 / 3.141592653590 I ESURF 118

C SPECTRAL PARAMETERS FOR SAND. ESLJRF 119
DATA (WV4(1),1-1,18) I 2.00.2.05,2.18,2.30.Z.45.2.50,2.63,2.73. ESURF 120

* 2.88.2.95,3.20,3.30,3.60,3.75,3.90.4.3S. ESURF 121
* 4.905.0 / ESURF 122

DATA (SP4(1),1=1,18) / 0.205,0.238.0.209,0.206,0.177,0.174.0.148, ESURF 123
* 0.114,0.080,0.040,0.070,0.093,0.145,0.162, ESURF 124
* O.152,0.076,O.031,0.035 / ESURF 125

C SPECTRAL PARAMETERS FOR SOIL. ESURF 126
DATA (VVS(I),I-1,16) / 2.00,2.00,2.25,2.50.2.62.2.70.2.77.2.92, ESURF 127

* 3.15,3.50,3.70,3.82,4.10,4.60.4.77,5.00 / ESURF 128
DATA (SPS(I),.-1,16) / 0.262,0.272,0.257,0.227.0.198,0.09S,O.067, EStMF 129

* 0.061,0.067.0.112,O.158,0.177,0.195,O.158, ESURF 130
* 0.142,0.113 / ESU.F 131

C SPECTRAL PARAMETERS FOR VEGETATION. ESURF 132
DATA (WV6(I),1,1,12) f 2.00,2.20.2.64.2.78,2.96,3.03,3.16,3.22, ESURF 133

* 3.42,3.58,3.95,5.00 / ESURF 134
DATA (SP6(I).,1,,12) / 0.129,0.212.0.059.0.059,0.120,0.120.0.033, ESt"F 1-15

* 0.033,0.074.0.074.0.037,0.021 / ESURF 136
C SPECTRAL PMARMETFRS FOR URBAN MATERIALS. ESUR F 137

DATA (WV7(I),1I1,23) / 2.00,2.12.2.24.2.26,2.36,2.47,2.55,2.63. ESURF 138
* 2.70,2.85,2.89,3.00.3.10,3.24,3.62,3.89, ESURF 139
* 4.00.4.10,4.26.4.42,4.70,4.83,5.00 / ESURF 140

DATA (SP7(I),I=1,23) / 0.347,0.348,0.326,0.278,0.272,0.295,0."99, ESLRF 141
* 0.296,0.272.0.145,0.118,0.090,O.091,f.l100, ESURF 142
* 0.149,O.193.D.231,0.238,0.240.0.2.540..46,0.229,0.215 / EStURF 143

CCC ESURF 144
CC CHECK MATERIAL INDEX FOR PROPER RANGE ESURF 145

IF( (MSJ..LT.1) .OR. (MSM.GT.7) ) GO TO 101 ESURF 146
IF( .NOT.ESURFI ) GO TO 50 ESURF 147

CC GET SURFACE TEMPERATURE TAKEN TO BE AIR TEMPERATURE ESURF 148
CC AT ALTITUDE 2KM. ESURF 149

CALL ATOSU(2,ZKM) ESURF 150
'(S - TT ESURF 151

50 IF( NSN.GT.I ) GO TO 99 ESURF 152
CC SET PROPERTIES FOR MSM-1 (THE VALUE -1.0 FOR SFR IS AN ESURF 153
CC ARBITRARY DEFAULT SETTING WHICH WILL NEVER BE USED) ESURF 154

SFR - -1.0 ESURF 155
IF( (IDAY.EQ.1) .OR. (IFIRES.GT.O) ) SFR = OD(1)/PI ESURF 156
EPSO ,0 1.-DO(I) ESLtRF 157
RETURN ESURF 158

99 IF( M94.GT.? I GO TO 100 ESURF 159
CALL SLITTR(THIDD(2).SPCULR,ZLAMIDAYIFIRES,ESURF1,SFR,EPSO) ESURF 160
RETURN ESURF 161

100 ALPHA , ALPM(MSM) ESURF 162
BETA - BETN(MSM) ESURF 163
6N94A - GAM(NSN) ESLURF 164
RMN . ROO(MSM) E'URF 16S
RMP , RMPI(MSN) ESURF 166
LLN - LL(MSN) ESURF 167
GTHIOA - GTHIO(MSM) ESIIRF 168

CC OBTAIN THE SPECTRAL, NORMAL-INCIDENCE--HEMISPHERICAL EStRF 169
CC REFLECTANCE, RHOM(ZLAN), BASED ON TABLE 2-3 IN TEXT. ESURF 170

GO TO (101,101,103,104,10I.106,107). M9S ESURF 17I
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101 WRITE(6,13) MSM ESURF 172
1? FORMAT (4.4H0 ERROR IN VALUE OF ,SM-(SEE ESURF). MSN=,,I5) ESURF 173

CALL EXIT ESURF 174
CC FOR SNOW (MSM-3) ESURF 175

103 RHOM - (O.44-O.12*(ZLA, -2.))*(1.0-)D(3)*5./12.) ESURF 176
GO TO 110 ESURF 177

CC FOR SAND (M94s4) ESURF 178
104 CALL LINEAR (ZLAM,RHOMWV4.SP4,LLN) ESURF 179

GO TO 110 ESURF 180
CC FOR SOIL (MSM=-5) ESURF 181

105 CALL LINEAR (ZLAM,RHOM,WVS.SPS,LLN) ESURF 182
GO TO 110 ESURF 103

CC FOR FOLIAGE (MSN,6) ESLRF 184
106 CALL LINEAR (ZLAM,RHOMWV6.SP6,LLM) ESURF 185

GO TO 110 ESURF 186
CC FOR URBAN MATERIAL (MSNM7) ESURF 187

107 CALL LINEAR (ZLAM.RHOMWV7.SP7,LLN) ESURF 188
CC COMPUTE APPROXIMATE VALUE FOR THE SPECTRAL ?MARAETER ESURF 189
CC RHOZM(ZLAM) BY USING EQ.(6") IN TEXT. ESURF 190

110 RHOZM - RHON/(PI*GTHIOA) ESURF 191
CC PROTECT AGAINST ABORT FOR GRAZING RAYS. ESURF 192

CTHI - COS( THI ) ESURF 193
CTHR - COS( THR ) ESURF 194

cc IF THI OR 1W GEATER THAN 89.9 DEGREES RESET TO 89.9 . ESURF 195
IF( ABS(CTHI).LT.I.745E-03 ) CTHI - 1.745E-03 ESURF 196
IF( ABS(CTHRI.LT.1.745E-03 ) CTHR = 1.745E-03 ESURF 197

CC EVALUATE AUXILIARY PARAMETERS NEEDED REGARDLESS OF PRESENCE ESURF 198
CC OF SOURCE. E SUIRF 199

RBAR = 0.5*(RMZ"RMP) ESURF 00
SA - ALPHA*BETA ESURF 201
PlA - (1.O-EXP(-SA))/SA (SURF 202

CC NEED NOT COMPUTE SFR IF NEITHER SUN NOR FIREBALL IS ESIPF 203
CC CONSIDERED AS A SOURCE, SO SET IT (ARBITRARILY) TO -1.0 ESURF 204

SFR - -1.0 ESURF 205
IF( (IDAY.EQ.O) .AND. (IFIRES.EO.O) GO TO 124 ESURF 206
IF( (THI.GT.O.0) .OR. (THR.GT.D.0)) GO TO 120 ESURF 207

CC EVALUATE SIR AVERAGED OVER AZIMUTH ANGLES, FROM EQ.(3A) IN ESURF 208
cc TEXT. ESURF 209

SFR - RHOZN&(1.O+RBAR*P1A*EXP(-2.*ALPHA)) ESURF 210
CTHR - 1.0 ESUR F 211
GO TO 122 ESURF 212

120 ART! - BETA*(1.O-ABS(I.O-2.*PSI/PI)) ESURF 213
CGAM = CTHI*GAMMA + CWHR"*GAfMA ESURF 214
RMPSI - RMZ - (RMZ-RMP)*PSI/PI ESURF 215

CC EVALUATE EQ.(1) IN TEXT. ESURF 216
SFR - RNOZM*(I.tlRMPSItEXP(-ALP4A*(CGAM+ABTF))) ESUR F 217

122 IF( MSM.NE.7 ) GO TO 124 ESURF 2?i
CC FOR MSM=7, EVALUATE EO.(17) IN TEXT FOR SFR. ESURF 21Q

URBAN - RHVZ*DOD(7)*(CTHICTHR)/2. ES",RF 2?0
SFR - URBAN + SFR*(1.0O0-(7)) ESURF 271

124 IF( .NOT.ESURF1 ) RETURN ESURF 222
CC PREPARE TO COMPUTE DIRECTIONAL EMISSIVITY. ES'URF 223
CC EVALUATE EO.(10) IN TEXT WITH THETA REPLACED BY THR. ESURF 224

FGAMM = EXP(-ALPHA-CTH'R'S.A19,) ESURF ?25
IGAM * GA?4A+O.25 ESURF 226
GO TO (126,128). IGAM ESURF 227

cc EVALUATE EO.(8) IN TEXT. ESURF 228
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In6 P2GAM - (1.0-(ALPr.A+1.)*EXP(-ALPHA))/(ALP$HA*ALPHA) ESURF 2?9
GO TO 130 ESURF 230

CC EVALUATE EQ.J9) IN TEXT. ESURF 231
128 P2GAN = (1.0-EXP(-ALPHA))/(2.*ALPHA) ESURF 23?

CC FRHOM = DIRECTIONAL-HEMISPHERICAL REFLECTANCE ES!AF 233
CC EPSO DIRECTIONAL EMISSIV!TY ESURF 234
CC EVALUATE EQ.(6) IN TEXT, BUT WITH THI REPLACED BY THR IN THE ESURF 235
CC ANTICIPATION THAT FRHOM WILL BE USED IN EQ.(12) FOR THE ESIRF e36
CC DIRECTIONAL EMISSIVITY. ESIJRF 237

230 FRHOM = PI*RHOZM * (I.0+2.*P1A*P2GAM*RBAR*FGAM4) ESURC 238
IF( MýM.NE.7 ) GO TO 140 ESUQF 239

CC FOR MSM=7, EVALUATE EQ.(18) IN TEXT, BUT WITH THI REPLACED BY ESURF 240
CC THR IN THE ANTICIPATION THAT FRHOM WILL BE USED IN EQ.(19) FOR ESURF 241
Cc THE DIRECTIONAL EMISSIVITY. ESaJRF 242

FRHOM -- (1.-DD(7))*FRHOM + DO{7)*RHOZM*PI*(O.SO*CTHR + 0.333333) ESURF 243
CC EVALUATE EO.12) IN TEXT. ESURF 244

140 EPSD • 1.O-FRHOM ESURF 245
RETURN ESURF 246
END ESULt 247

FUNCTION FRAr ( A, B, X. Y' ) 2
C FRAC 3
C *FRAC* CALCULATES THE FRACTION OF INTERVAL (A,81 FRAC a

CLJ CONTAINED IN INTERVAL (X,Yl IF( (A,B; .LE. (X,Y) 1 OR FRAC 5
CLJ COVERED BY INTERVAL (XY) IF( (A,B) .GT. (X,Y) 1. FRAC 6
C FRAC 7

D = A - B FPAC 8
FRI - AMAXI( APINI( (A - Y)/D, 1. 1, 0. FRAC 9
FR2 - NMAXI( AMINI( (X - P)/1, 1. ), 0. 1 FRAC 10
PRAt = FRI + PR2 - .FRAC 11

R" RETUN Pt 1?
END FRAC 13
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SUBROUTINE FRESNL(ZLAJ4,O$4E&A,RHO) FOES%, 2
CCC FRESNL

C SUBROUTINE FRESNI EVALUATES THE FRESNEL (SPECULARQ) FPESNL
C MNOCHROMATIC REFLECTAN4CE OF A Sk)OT$ WATER SURFACE, GIVEN FRLSNL
C WE WAVELENGTH AND ANGLE OF INCIDENCE. FpES'c 6
CCC FRESYt 7
C INPUT PARAMETERS FRESNL ?
C ARGUMENT LISr FPESNL 9
C ZLAU - WAVELENGýTH 'MICPOME'ERS) ERESK- II-
C OMEGA - ANGLE OF INCIDENCE (WITH RESPECT TO NO*fAE. TO FPES14L 1i
C SK)TH ELEMENT OF WATER SURFACE' (RADI ANS' FRESNL 1?
CCC F P.ESNit I?

c OUTPUT PARAMETER F RE SNiL
CARGUMENT LIST FRESIL 1

C RHO - FRESNEL MONO^HRO14A'1C REFLECTANCE OF PLANE, FRESN! le
C LmNPOLAPIZEO ELECrRO14GN4ETIC WAVE INCIDENT AT FREWN 17
C ANGLE OMEGA ON PLANE, ABSOPB'NG SURFACE WITH FRtýSNL IQ

C COMPLEX INDEX OF REFRACTION 44 - SN - I*SK FRESNL- 19

CCC FRESNL 2
DIMENSION SNNU(?221,. SKNU(2?2) FRESNL- 21

C PR!SNL 2?
C THE VALUES OF THE COMPLEX IND)EX OF REFRACTION ARE TAKEN FROM FRFSNL 23
C H4. 0. DOWNING AND0 0. WILLIAMS, OPTICAL CONSTANTS OF WATER IN FRESN' 24?
C THE iNFRARED, J3. GEOPHYS. RES. YOL. 80, 16S6(1975). FRESNL 1
C FRESNI- 26

DATA (NUI,1,A)I1.3?1,1.322,1.3?2,1.323,1.324,1.324, FrESN, 27

*1-3?M,1.326,1.326.1 .327,1.327,1 .327,1.3?7,1.327,1.328*1.3-8, FRFSNI 291
* 1.329,1.329,1.329.1.330.1.330,1.JsO.1.331,1.332,1.332,1 .333, FRESN.L 33,
* 1.334,1.334,1.335,1.337,1.337.1.338,1.340,)1.340,1.341,1 .34?, FRESNIL 3i
* 1.343,1.344,1.344,1.345,1.346,1.347.,1348,1 .34,R,1.349,1.350) FVr4N r
- 1.351,1.36?,1.353.1 .354,1.355,1.357,.5138136132, FSN 33
* 1.361,1.363,1.365,1.366,I .367,1.369,1.37C,.1.371,L.37?,1.3'4, FQESNL 3p

*1.A15.1.418,1 .421,1.425,1.427,1.431,1 .434,1.437,1.841,1 .444, FRE~sN 37
*1.448,1.451,1.454.1.457.1.461,.1.464.,1.67,1.472,1.474,1 .477. FRESN _

* l47.1.8?l~85..46,.48,1.48,148,1.86i.83,.40, FRESPL 39

*1.398,1 .386,L3176,1 .364,1 .353,1 .342,1.329,1.317,1.305,1.293!I FRESNIý 41
DATA (SNNU(I(),]=143,222) / 1.282,1.271,1.?5F,1.246,1.233, FqESS. ,

* l1771.11,11651.11,11S8l.14.11491.14,11411.19, FRESWI 4-1

* 11381.38..13,11441.4~, .17,.16,11721 19, .15, FRESNI 45

*1.230,1.232,1 .235,1.238,1.240,1.281 ,1.243,1.24661.24',1.249, FRESNI- 4'

1.270,1 .?74.1.277,1.2BC,1.282,1.285,1.?87,1.289,1 .291.1.293, FRC ,N- 4C-
I.294.1.295.1.295-,1.298,1.298,1.300.1.3C1.I .301,1.303,0.0 / ~ ESsN 5?

DATA (SXNU{I(I'1.,T11I2) / 1.26E-2,1.?9E-2.1.33E-?.1.3?r ', FRFAS' 5'

* ~ ~ FRr;N C2

*8.64E-3,8.33E-3,B.O6E-3,'. 79E-3,7.49E .3,7.22E..3.6.96E-3.6.73V -3 FRFS%, 5'

* .94E-34.6.9E-3,4.65E-3,4.S0E-3,4.6335-35.4.2E-3,.5.1O-3,3.93 -I P~s FQA 4
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* 3.89E-3*3.78E-3,3.70E-3,3.63E-3,3.52E-3.3.4&-3,3.40E-3,3.39E-3, FRESNI 59
* .35E-3.3.36E-3.1.35E-3,3.40E-3,3.47E-3,3.SSE-3.3.63E-3.3.76E-3. FRESWL- 60

* 3.89E-3,4.OSE-3*4..24E-3,4.49E-3,4.73E-3,5.06E-3.5.38t-3,5.79E-3. FRESNL 61
* 6.2SE-3,6.83E-3,7.371-3.8.OZE-3,8.66E-3.9.41E-3,l.OIE-2.l.lOE-2. FRESNL 62

* .1BE-2,l.28E-2,L.38E-2,1.S1E-2,1.63E-2.1.77E-2.l.93E-2.2.1OE-2, FRESNL 63
* 2.?9E-2,2.SOE-2.2.EZE-2.2.79E-2,2.97E-2.3.lSE-2.3.ARE-2,31.SSE-2. rRESqt 64

*4.22E-2,4.B2E-2,5.04t-2,S.50f-%)6.DO(-2,6.53E-?.7.16E-2,1.BSE-2/ FRESNL 65
DATA (SKPtLI().1r113.222) / 8.5SE-2.9.20E-2,9.94E--2.1.lOE-1, ERESNL 66

*1.17E-1,1.2SE-1,I.34E-1,1.44E-1. FRESýi. 67
-L153E-1,1.63E-1.1.73E-1.1.83E-1.1,95E-1,2.OAE-1,2.12E-1.2.20E-1. FPESrL 68
*2.28E-1,2.36E-1,ZA43E-1.2.5OE-1.2.SSE-1.2.62E- 1,2.67E-1,?.72E-1, FRESNtL 69
* .76E-1.?.79E-1,2.0l2E-1,2.B2E-1,2.BIE-l,.SO8E-l,2.76E-1.2.71E-I, FRESNL 70
*2.65E-1.2.58E-1,2,49E-1.2.39E-1.2.29E-1,2.18E-1,2.0EZE.,1.94E-1. FRESNL '71

* 1WE-,167E1.154-1..4E-11.3E-,ISE-,1.?E-,1O2E1.FRESNL 72
* 9.27E-2.8.3ME-2.7.dAE-2,6.49E-2.5.48E-2.4.62E-2,3.8OE-2,2.8?E-2, tRESNL 73
*2.O5E-2.1.86E-2,1.64E-2.1.45E-2.1.27E-2,1.05E-2.8.55E-3.7.32E-3. FRESRI 74

* 6.27E-3,.5.3E-3.4.82E-3,4.37E-3.4.O2E-3,3.3OE-3.2.98E-3.2.70)E-3. FAESNL 75
* 2.57E-3,2.48E-3,2.43E-3,2.39E-3,2.34E-3,2.31E-3,2.27E-3,2.24E-3. FRESNI 76
* 2.19E-3.2.ISE-3.2.12E-3.2.IOE-3 ,2.076-3.2.DSE-3.2.OOE-3,1.95E-3, FRESNI 77
* 1.90E-3,1..565E-3,1.23E-3,9.68E-4, 7.92E-4.6.52E-4,5.42E-4,t.65E-4, FRESAL 78

*4.1SE-4.3.76E-4.3.45E-4.3.38E-4,3.AIE-4.3.69E-4.4.00E-4.4.S2E-4. FRESNL 79
* 5.14E-4,6.l7E-4.7.31E-4.9.OOE-4,l.IOE-3.0 / FRESNL so

C FRESNL 81
C THE FORMULAS FOR THE REFLECTANCE ARE JMKEN FROM E. G., 0. H. FRESNL 82
C MEN4ZEL (EDITOR), FUND4AMENTAL FORMEULAS OF PHYSICS, (P. 4??). FRESNL 83
C DOVER PUBSLICATIONS. INC..* NEW YORK. 1960. FRESNL 84
c FRE SAL 85

WAVE - 1.OE+04/ZLAM FRESNL 86
IF( WAVE.GE.4000. ) WO TO 10 FRESIRL 87

C WX - FRACTIbNA[ NMBSER OF DATA POINTS CORRESPONDING TO WAVE. FRES4L 8
WX - 1.0+ (WAVE-2000.j/10. FRESh!. 89
GO TO 20 FRESW. 90,

10 WI - 201. 4 (WAVE-4000.)f5O. FRESNL 91
C 13 FIRST DATA-POINT INDEX ABOVE WAVE. FRE-SNL 92

20 13 - wX+1.O FRESN. 93
C DELW =FRACTIOPIAL PART OF DATA INTERVAL. CORRES%3NDNM. TO WAVE. FRESNt 9!

DELM - WI FLDAT( 13-1) FRESNL, 95
94 - SNNU(IJ-1) + (SNNU(I3)-SNNU(Z3-1))ODELW FRESNL 9f
SK = 9:Ntj(I3-1) - (SKNU(13)-SKNL(IJ-1))'OELW FRESW. 97
SNSQ - SIN( OMEGA )-2 FRESNL 95
SNKS - 4N*N-SK*SK-SNSr. FRES04L 99
FNK - (2.'SJI'SK)-2 FRE)AL 100
TRIO - SPQiT( SWRKS*SNKS*F* ) FRESNL i~l
SAPSO - O.5O*(ThP*5WSN) FRESNL 102
SkNSO - O.5O*(ThN-SIES) FRESN, 10'4
CC - SAPSO-S.AMSQ FRESh!. 104
SAP =SORT( SAPSI) FRESNL, liO
EE - C05) O'4EGA )FRESh!. 10A

ETS - EEfE FR E SN 107
APE? -2.*SAP*EE FRES'v! 10s
DD - SNSQ/EE FRESNL :'.
0093 =DO*DO FRESS!. i10
APD2? 2.'SAP*00 FRESh!. III
RS *(CC-APE2.EESO)/(CC'APE2'EESO) FRESh!. 11?

RHO =RS*CCC.DDS)/(CC-APOZ.DDSO) FRESNL _i

END FQESNL 115
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SUBROUTINE GCRCLE(P1LAT.PILON,P3LAT,P3LON,ALPIJ,ALP12.P2LAT,P2LON) GCRCLE ?
CCC GCRCLE 3
C FOR THREE POINTS Pl, P?, AND P3 ON A GREAT CIRCLE, SUBROUTINE GCRCLE 4
C GCRCLE COMPUTES THE LATITUDE AND LONGITUDE 4F THE INTER- GCRCLE
C MEDIATE POINT P2, GIVEN THE LATITUDES AND LONGITUDES OF THE GCRCLE 6
C END POINTS PI AND P3, THE CENTRAL ANGLE ALPI3 BETWEEN THE GCRCLE V
C CENTRAL RAYS TO P1 AND P3, AND THE CENTRAL ANGLE ALPI2 GCRCLE B
C BETWEEN THE CENTRAL RAYS TO P1 AND P2. GCRCLE 9
CCC GCRCLE 10
C INPPIT PARAMETERS GCRCLE 11
C ARGLMENT LIST GCRCLE 12
C PILAT - NORTH LATITUDE OF POINT PI, RADIANS GCRCLE 13
C PILON - EAST LONGITUDE OF POINT Pl, RADIANS GCRCLE 14
C P3LAT - NORTH LATIIUDE OF POINT P3, RADIANS GCRCLE 15
C P3LON - EAST L0DNGITUDE OF POINT P3, RADIANS GCRCLE 16
C ALPI3 - EARTH-CENTRAL ANGLE BETWEEN RAYS TO POINTS GCRCLE 17
C Pl AND P3, RADIANS GCRCLE 18
C ALPI2 - EARTH-CENTRAL ANGLE BETWEEN RAYS TO POINTS GCRCLE 19
C PI AND P2, RADIANS GCRCLE 20
CCC GCRCLE 21
C OUTPUT PARAMETERS GCRCLE ?2
C ARGUIENT LIST GCRCLE 23
C PLAT - NORTH LATITUDE OF POINT P2, RADIANS GCRCLE 24
C P2LON - EAST LONGITUDE OF POINT P2, RADIANS GCRCLE 25
CCC G.RCLE 26

DATA PI / 3.141592653590 / GCRCLE 27
CC" GCRCLE 28
C CONSIDER THE SPHERICAL TRIANGLE PI-N-P3 GCRCLE 29
C POINT N IS NORTH POLE GCRCLE 30
CCC GCRCLE 31

SINCOS - SIN(P3LAT) - COS(ALP131*SIN(PILAT) GCRCLE 32
SINCOS - SINCOS/(SIN(ALPI3)*COS(PlLAT)) GCRCLE 33
AMNA - ACOS( SINCOS ) GCRCLE 34

CCC GCRCLE 35
C CONSIDER THE SPHERICAL TRIANGLE Pl-N-P2 GCRCLE 36
CCC GCRCLE 3)

COSSIN COS(ALPI2)*SIN(P1LAT) GCRCLE 38
SINCOS S.,5."ALP12)-COS(PILAT) GCRCLE 39
PZLAT ASI( COSSIN + SINCOS*COS(AMDA) ) GCRCLE 40

CCC GCRCLE 41
C AGAIN, CONSIDER SPHERICAL TRIANGLE PI-N-P2 GCRCLE 42
CCC GCRCLE 43

P12 - PI+PI GCRCLE 44
P3MPI - P3LDN-PILON GCRCLE 45
P12LON - ASINI SIN(AMDA)*SIN(ALPI2)/CDS(P2LAT) ) GCRCLE 46
P2LON = PILON + PILON*SIGN(1.U,P3MP1) GCRCLE 47

IFf ABS(P3MPI).LE.PI ) GO TO 10 GCRCLE 48
P2LON - PILOM - P12LON*SIGN(I.O,P3MPI) GCRCLE 49

10 IF( P2LON.LT.O.O ) P2LON - P2LON+P2I GCRCLE 50
IF( PZLON.GE.PI2 ) P2LON - P2LON-PI2 GCRCLE Si
RETURN GCRCLE 52
END GCRCLE 53
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SUBROUTINE GEOREA(HAI,GCIGLIHA2,GC2,GL2,SR21,EL21,AZI) GEOREA 2
ccc GEOREA 3
C SUBRGUTINE GEOREA (A MODIFIED HARC ROUTINE), GIVEN THE GEOREA 4
C GEOGRAPHIC COORDINATES OF TWO POINTS, PPOVIDES THE SLANT RANGE, GFOREA 5
C ELEVATION ANGLE, AND AZIMUTH ANGLE OF POINT 2 WITH RESPECT TO GEORFA 6
C POINT 1. GEOREA 7
CCC GEOREA 8
C INPUTS FROM CALL STATEMENT GEOREA 9
C HAl = ALTITUDE OF POINT 1, CM GEORFA 10
C GCI - COLATITUDE OF POINT 1, RADIANS GEOREA 11
C GLI = EAST LONGITUDE OF POINT 1, RADIANS GEOREA 12
C HA2 = ALTITUDE OF POINT 2, CM GEOREA 13
C GC2 - COLATITUDE OF POINT 2, RADIANS GEOREA 14
- GL2 - EAST LONGITUDE OF POINT 2. RADIANS GEOREA 15
C OUTPUTS GEOREA 16
C SR?1 SLANT RANGE OF POINT 2 RELATIVE TO POINT 1, CM GEOREA 17
C EL?2 = ELEVATION OF POINT 2 RELATIVE TO POINT 1, RADIANS GEORFA 18
C AZ21 = AZIMUTH OF POINT 2 RELATIVE TO POINT 1, RADIANS GEORFA 19
CCC GEORFA 20

CALL GEOTAN(HAI,GC],GLI,HA2,GC2,GL2,XE21,YNN1,ZV21) GEOREA 21
XYSQ - XE2142 + YN21"2 GEOREA 22
SR21 - SQRT(XYSQ + ZV21**?) GEOREA 23
EL21 = ATAN2( ZV21,SQPT(XYSQ) ) GEOREA 24
AZ21 - 0.0 GEOREA 25
IF( XVSQ.GT.O.O ) AZ?1 = ATAN?( XE21,YN?2 ) GEOREA 26
RETURN GEOREA 27
END GEORFA 28

SUBROUTINE GEOTAN(HA1,GC1,GLL,HA2,GC?,GLZ,XE2L,VN?1,ZV2I) GEOTAN 2r•GEOTAN 3

C SUBROUTINE GEOTAN (A MODIFIED HARC ROUTINE CALLED GEOXYZ), GCOTAN 4
C GIVEN THE GEOGRAPHIC COORDINATES OF TWO POINTS, PROVIDES THE GEOTAN S
C TANGENT-PLANE COORDINATES OF POINT 2 WITH RESPECT TO POINT 1. GEOTAN 6
CCC GEOTAN 7
C INPUTS FROM CALL STATEMENT GEOTAN 8
C HA] z ALTITUDE OF POINT 1, CM GEOTAN 9
C GCO = COLATITUDE OF POINT 1, RADIANS GEOTAN 1o
C GLI - EAST LONGITUDE OF POINT 1, RADIANS GEOTAN 11
C HA? z ALTITUDE OF POINT ?, CM GEOTAN I?
C C2 t COLATITUDE OF POINT 2, RADIANS GEOTAN 13
C GL2 z EAST LONGITUDE OF POINT 2, RADIANS GEDTAN 14
C OUTPUTS GEOTAN I;
C XEI X x COORDINATE OF POINT 2 RELATIVE TO POINT 1, CM GFOTAN 15
C YN?] = Y COORDINATE OF POINT 2 RELATIVE TO POINT 1, CM GEOTAN 17
C 7V21 = 2 COORDINATE OF POINT 2 RELATIVE TO POINT 1. CM GEOTAN i1
CCC GEOTAN Iq

DATA RE / 6.37103F+08 I GEOTAN 20
CCC GEOTAN 21

GRI = RE+HAl GEOTAN 22
GR2 - RE*HA2 GEOTAN 23
GLD = GL2-GLl GEOTAN 24
SINGE! - SIN(GCl! GEOTAN 2s
SINGC2 = SIN(GC2) GFOTAN 26
COSGCI * COS(GCI) GEOIAN 7
COSGC2 = COS(GC?) GEOTAN ?S
COSGLD = COS'GLD) GE17AN ?Q
XE21 - GR?*SINGC?*SIN(GLD) GFOTAN 3n
YN21 = CR?*(SINGCI1COSGC2 - COSGC1*SINGC?*COSGLD) GEOTAN 31
ZV?1 ý GR2*(COSGCI*COSGC? + SINGCI*SINGC7*COSGLD1 - GRI GEOTAN 3?
RETLRN GEOTAN 33
END GEDTAN 34
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SUBROUTINE GEOXYZ(PHPLATPLON.RPX.RPY,RPZ) 
GEOXYZ 2

CCC 
GEOXYZ 3

C SUBROOTINE GEOXY! CONVERTS THE GEOGRAPHIC COORDINATES OF A GEOXYZ 4

C POINT TO EARTH-CENTERED CARTESIAN COORDINATES. GEOXYZ 5

CCC, 
GEOXYZ 6

c INPUT PARAMETERS 
GEOXYZ 7

C ARGUMENT LIST 
GEOXYZ 8

PH - ALTITUDE OF POINT P. KM GEOXYZ 1

PLAT - NORTH LATITUDE OF POINT P. RADIANS GEGXYZ 10

C PLON - EAST LONGITUDE OF POINT P, RADIANS GEOXYZ 11

C OUTPUT PARAMETERS 
GEOXYZ 13

C 
ARGUMENT LIST

RPX - EARTH-CENTERED CARTESIAN COORDINATE X OF GEOXYZ 14

POINT P, KM 
GEOXYZ 15

RPY - EARTH-CENTERED CARTESIAN COORDINATE Y OF GEOXYZ 16
POINT P. KM 

GEOXYZ 17

RPZ - EARTH-CENTERED CARTESIAN COORDINATE Z OF GEOXYZ 18

C POINT P, KM 
GEOXYZ 19

CCC 
GEOXYZ 20

DPTA RE / 6.37103E+03 / 
GEOXYZ 21

CCC 
GEOXYZ 22

RP - RE+PH 
GEOXYZ 23

RPZ - RP*SIN(PLAT) 
GEO;YZ 25 4

RPEQ - RP*COS(PLAT) 
GEOXYZ 25

RPX • RPEQ*COS(PLON) 
GEOXYZ 26

RPY = RPEQ*SIN(PLON) 
GEOXYZ 27

RETURN 
GEOXY7 28

END 
GEoxy? 29
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SUBROUTINE GLITTR(THETAIWIND,SPCULR.ZLAM,IOAY,.IFIRES,ESURFI, GLITrR 2
* SFREPSD) GLITTR 3

CCC GLITTR 4
C SUBROUTINE GLITTR, CALLED FROM ESURF WHEN THE LINE-OF-SIGHT GLITTR 5
C INTERSECTS A WATER SURFACE, PROVIDES (1A) THE BIDIRECTIONAL GLITTR 6
C REFLECTANCE-DISTRIBUTION FUNCTION (BROF) AND (16) DIRECTIONAL GLITTR 7
C EMISSIVITY OF THE WATER SURFACE AT THE INTERSECTION POINT OF GLITTR 8
C THE OPTICAL LINE-OF-SIGHT FROM THE DETECTOR AND (2) THE GLITTR 9
C GEOGRAPHIC COORDINATES (NORTH LATITUDE AND EAST LONGITUDE) OF GLITTR 10
C THE POINT ON A SMOOTH HORIZONTAL SURFACE FOR A SPECULAR GLITTR 11
C REFLECTION OF A RAY FROM THE SOURCE TO THE DETECTOR. IF GLITTR 12
C REQUESTED (BY LOGICAL PARAMETER SPCULR .TRUE. IN ARGUMENT GLITTR 13
C LIST). ONLY THE DIRECTIONAL EMISSIVITY IS PROVIDED IF THERE GLI1TR 14
C IS NO SOURCE. GLITTR 15
CCC GLITTR 16
C ' * INPUT PARAMETERS GLITTR 17
S ARGUMENT LIST GLITTR 18

C THETAI - ZENITH ANGLE OF SOURCE (SUN OR FIREBALL) AT THE GLITTR 19
C INTERSECTION POINT OF LINE-OF-SIGHT FROM DETECTOR GLITTR 20
C TO EARTH'S SURFACE (RADIANS) GLITTR 21
C WIND - WIND SPEED AT 41 FEET ABOVE SEA LEVEL (METERS/SEC) GLIflR 22
C SPCULR = LOGICAL PARAMETER GLITTR 23
C - .TRUE. COMPUTE COORDINATES OF SPECULAR GLITTR 24
C REFLECTION POINT GLITTR 25
C - .FALSE. DO NOT COMPUTE COORDINATES OF SPECULAR GLITTR 26
C REFLECTION POINT GLITTR 27
C ZLAN - WAVELENGTH (MICROMETERS) GLITTR ?R
C IDAT - INDEX FOR DAYLIGHT CONDITIONS AT POINT P GL!TTR 29
C - 0 IF SOLAR ZENITH ANGLE .GT. 90 DEGREES GLITTR 30
C - 1 IF SOLAR ZENITH ANGLE .LE. 90 DEGREES GLITTR 31
C IFIRES - FLAG FOR INCLUSION OF FIREBALLS GLITTR 3?
C • 0 IF NO FIREBALL IS BEING CONSIDERED GLITlR 33
C .GT. 0 IF FIREBALLS ARE BEING CONSIDERED GLITlR 34
C ESURFi - LOGICAL PARAMETER GLIflR 35
C .TRUE. IF ESURF IS CALLED FOR THE FIRST TIME FROM GLITTR 36
C SURRAD AND EPSD IS WANTED AS AN OUTPUT, GLITTR 37
C WHICH IS ALWAYS THE CASE IN THE NBR MODULE GLIFTR 38
C - .FALSE. IF ESURF IS NOT BEING CALLED FOR THE FIRST GLITTR 39
C TIME FROM SURRAD AND A RECOMPUTATION OF GLITTR 40
C EPSD IS NOT NEEDED GLITTR 41
C TECTOR COMMON GLITTR 4?
C DETLAT - DETECTOR NORTH LATITUDE. RADIANS GLITTR 43
C DETLON - DETECTOR EAST LONGITUDE, RADIANS GLITTR 44
C DETALT - DETECTOR ALTITUDE, KM GLITTR 45
C DETZEN - DETECTOR ZENITH ANGLE AT POINT P, RADIANS GLITTR 46
C POSITN COMMN GLITTR 47
C POSLAT - NORTH LATITUDE OF INTERSECTION POINT OF LINE-OF- GLITTR 48
C SIGHT FROM DETECTOR TO EARTH'S SURFACE (RADIANS) GLITTR 49
C POSLON - EAST LONGITUDE OF INTERSECTION POINT OF LINE-OF- GLITTR so
C SIGHT FROM DETECTOR TO EARTH'S SURFACE (RADIANS) GLITTR 51
C POSALT - ALTITUDE OF POINT P AT WHICH LINE-OF-SIGHT GLITTR 52
C INTERSECTS EARTH'S SURFACE, KM GLITTR 53
C SOIJRCE COMMON GLITTR 54
C SRCLAT - NORTH LATITUDE OF SOURCE (SUN OR FIREBALL) RADIUS GLITP S5
C SRCLON - EAST LONGITUDE OF SOURCE (RADIANS) CLITTR 56
C SRCALT - ALTITUDE OF SOURCE. IF NOT THE SUN (KM) GLITTR 57
C SRCFLG - 1, IF SOURCE IS SUM GLITT 58
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C - 2, IF SOUPCE IS FIREBALL GLITTR 59
C * * OUTPUT PARAMETERS GLITTR 60
C ARGUMENT LIST GLITTR 61
C SFR - F SUB R (2,D(2).ZLAM.THETAI,THETAR) (1/SR) GLIT"R 62
C - BIDIRECTIONAL REFLECTANCE-DISTRIBUTION FUNCTION GLITTR 63
C FOR A WIND-RUL.:FLED SURFACE. GILITTR 64
C EPSD - ( 1.O-RHO(THETAR- ) (DIMENSIONLESS) GLITT"R 65
C - DIRECTIONAL EMISSIVITY, WHERE RHO(THETAR) !S THE GLIITR 66
C SPECULAR REFLECJANCE AT :ENITH ANGLE THFTAR GLITTR 67
C FOR A SMOOTH HORIZONTAL SURFACE. GLITTR 68
C POSITN COMMON GLITTR 69
C (THIS OUTPUT OBTAINS ONLY IF SPCULRt.TRUE.) GLITTR 70
C SPCLAT - NORTH LATITUDE OF POINT ON SM00TH HORIZONTAL GLITTR 71
C SURFACE FOR A SPECULAR REFLECTION FROM THE GLITTR 72
C SOURCE TO THE DETECTOR, RADIANS GLITTR 73
C SPCLON - EAST LONGITUDE OF POINT ON SMOOTH HORIZONTAL GLITTR 74
C SURFACE FOR A SPECULAR REFLECTION FROM THE GLITTR 75
C SOURCE TO THE DETECTOR, RADIANS GLITTR 76
CCC GLITTR 77

COM'ON/POSITN/ POSLATPOSLONPOSALTSPCLATSPCLON POSTTN 2
s ,Cl2LAT,C12LON,C12ALT POSIT% 3

COMHON/SOURCE/ SRCLATSRCLONSRCALTSRCFLGSRCZEN(1I).SRCSR(11) SOURCE 2
COMMON/TECTOR/ DETLAT,OETLON.DETALT, DETZEN.DETAZ!(1I) TECTOR 2
LOGICAL SPCULRESURF1 GLITTR 81
DATA PI,RE / 3.141592653590,6.37103E+03 / GLITTR 82
DATA RSUN,EPSII.N / I.495979E+08,4.6524E-03 / GLITTR 83

CC GLITTR 84
CC NEED NOT COMPUTE SFR IF NEITHER SUN NOR FIREBALL IS CONSIDERED GLITTR 85
CC AS A SOURCE. SO SET IT AS WELL AS THE COORDINATES OF THE GLITTR 86
CC SPECULAR POINT (ARBITRARILY) TO -1.0 GLITTR 8?

IF( (IDAY.FQ.I) .DR. (IFIRES.GT.O)) GO TO B GLITrR 88
SFR -1.0 GLITTR 89
DTZENP = OETZEN C2- ý 90
GO TO 70 GLITTR 91

CC GLITTR 9?
CCC FORMULAS FOR SFR * * * * * * * * * * * * * * * * * * * * * . GLITTR 93
CCC FIRST, rPHf TILTED FACET AT POINT P, USE LEVANON'S EQUATIONS GI.ITTR 94
CCC FOR TOTAL TILT MAGNITUDE (BETA) AND DIRECTION (THETAPHI) AND GLITTR 9s
CCC ANGLE OF INCIDENCE (OMEGA). WE USE HIS EQUATIONS REWRITTEN IN GLII-R 96
CCC TERMS OF OUR PARAMETER EPSA. GLITTR 97
CC GL ITTR 98

8 EPSA - (RE*POSALT)/(RE+DETALT) GLITIR 99
CC GLITTR 100
CC THETAP - NORTH LATITUDE OF POINT P RELATIVE TO DETECTOR GLITTR 101

THETAP - POSLAT-DETLAT GLITTR i0?
CSTHTP = uOS(II-ETAP) GL ITTR 103

CC GL ITTR 104
CC PI4IP - EAST LONGITUDE OF POINT P RELATIVE TO DETECTOR GLITTR 105

PHIP - POSLON-DETLON GLITTR 106
CSPHIP - COS(PHIP) GLITTR 107

CC GLITTR 108
CC PHIL - EAST LONGITUDE OF POINT O-SUB-L RELATIVE TO DETECTOR GLITTR 109
CC (LEVANON (LE-71B) EQ. t1)). GLITTR 110
CC POINT D-SUB-L IS DEFINED BY THE SEA SURFACE AND A Gt!TTR III
CC VECTOR. STARTING FROM THE EARTH'S CENTER, PARALLEL TO GLITTR 112
CC THE RAY FROM THE DETECTOR TO THE REFLECTION POINT P. GLITITR I13

EPTHTP EPSA*CSTHTP GL ITTR 114
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PHIL * ATAN( -EPTHTP*SIN(PHIP)I(I.-EPTHTP*CSPHIP) ) GLITTR 115

CC THETAL = NORTH LATITUDE OF POINT Q-SUB-L RELATIVE TO DETECTOR GLITTR 116
CC (LEVANON EQ. (2)). GLITTR 117

ROOT - SQRT( 1.O-2.*EPTHTP*CSPHIP÷EPTHTP*EPTHTP ) GLITTR lip1
THETAL = ATAN( -EPSA*SIN(THETAP)/ROOT ) GLITTR 119
CSTHTL = COS(THETAL) GLITTR 120

CC GLITTR 121
CC THETAS = NORTH LATITUDE OF SOURCE RELATIVE TO DETECTOR GLITTR 12?

THETAS = ,RCLAT-DETLAT GLITTR 123
CSTHTS = COS(THETAS) GLITTR 126

CC PHIS = EAST LONGITUDE OF SOURCE RELATIVE TO DETECTOR GLiTTR 125
PHIS - SRCLON-DETLON GLITTR !26

CC GLITTR 127
CC PHIN = EAST LONGITUDE OF POINT Q-SUB-N RELATIVE TO DETECTOR GLITTR 128
CC (LEVANON EQ, (3)). GLIT-R 129
CC POINT Q-SUB-N IS DEFINED BY THE SEA SURFACE AND A GLIT-TR 130
CC VECTOR. STARTING FROM THE EARTH'S CENTER, PARALLEL TO GLITTR 131
CC THE NOW4AL REOUIRED FOR REFLECTION FROM POINT P. GLITTR 132

AAA = CSTHTL*SITN 'HIL) + CSTHTS*SIN(PHIS) GLITTR 133
BBB z CSTHTL*COS(PHIL) + CSTHTS'COS(PHIS) GLITTR 134
PHIN = ATAN( AAA/BBB ) GLITTR 135

CC THETAN - NORTH LATITUDE OF POINT O-SUB-N RELATIVE TO DETECTOR GLITTR 136
CC (LEVANON EQ. (4)). GLITTR 137

ROOT = CSTHTL*CSTHTL + CSTHTS*CSTHTS + 2.*CSTHTL*CSTHTS* GLITTR 138

$ COS(PHIL-PHIS) GLITTR 139
THETAN = ATAN( (SIN(THETAL)+SIN(THETAS))ISORT(ROOT)) Gt.ITTR 140

CC GLITTR 141
CC N'11 - TILT TOWARD THE EAST AT THE REFLECTION POINT P GLITTR 14?
CC (LEVANON EQ. (5)). GLITTRP 143

PHI = PHIN-PHIP GLITTR 144
CC THETA = TILT TOWARD THE NORTH AT THE REFLECTION POINT P GLI-TTR 145
CC (LEVANON EQ. (6)). GLITTR 146

THETA - THETAN-THETAP GLIf-TR 147
CC GLITTR 148
CC BETA - TOTAL TILT MAGNITUDE AT THE REFLECTION POINT P GLITTR 149
CC (LEVANON EQ- (7)). GLITTR 150

ROOT = TAN(THETA)**2 + TAN(PHI)*2 GLITTR 151
BETA = ATAN( SORT(ROOT) ) GLITTR 152

CC GL!TR 153
CC OMEGA = ANGLE OF INCIDENCE AT REFLECTION POINT P GLITTR 154
CC (LEVANON E0. (8)). GLITTQ 155

ROOT = TAN(THETAN-THETAS)**2 + TAN(PHIN-PHIS)**2 GLITTR 15•6
OMEGA ATAN( SORT(ROOT) 1 GLINP 15'

CC GL ITTR 15P
CC SIGSQ = MEAN SQUARE SLOPE REGARDLESS OF DIRECTION GLITTR 15q

SIGSO = (3.0 + 5.12*WIND)*I.E-O3 GLITTR 160
cc GL'TTR 161
CC SMALLP - PROBABILITY FOR OCCURRENCE OF SLOPE BETA GLIETM 16?

TBETA TAN(BETA) GLI7TR 163
SMALLP EXPf -TBETA*TBETA/SIGSO )f(PIPSIGSO) GLITTR 164

CC GLITTP 16,
CALL FRESNL(ZLAMIOMEGARHO) GL I'rP 16

CC NOW HAVE FRESNEL MONOCHROMATIC REFLECTANCE (RHO) GLITTP 16?
CC GLITTR ]6P
CC IN COMPUTING SFR, TO AVOID POSSIBLE DIVISION BY ZERO OR GLITTR 16Q
CC NEAR-ZERO IF THETAI OR DETZEN EXCEEDS AN ARBITRARILY- GLITTP 170
CC SELECTED VALUE, B8.9 DEG., RESET THETAI AND/OR DETZEN TO 89.Q GI IfTl 171
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cc DEG. DEFINE TEMPORARY VARIABLES TO AVOID ALTERING GLITTR 172
cc ORIGINAL VARIABLES. GLITYR 173

IWARN - 0 GLITTP 174
ThTAIP - THETA GLITIR US-
DTZENP = DETZF.N GLITTR 176
P102 - O.5D*PI GL I TR 177
DEITHI zPID2-THETAI GLITTR 178
DELTHR = P102-DETZEN GLITTR 179
IF( DELTHI.GE.l.745E-03 )GO TO 101 GLITTR 120
THTAIP =PIO2-1.745E-03 GLITTR 18?
IWARN 1 LTT 8

101 IF( DELTHR.GE.1.145E-O3 )GO TO 102 GL1TTR 183
DTZENP *PID2-1.745E-03 GLITITR 184
TWARN *1GLITTR 125

102 IF( IWARN.EQ.O ) GO TO 104 GLITTR 186
CC WRITE(6,103) GLITTR 187

103 FORMAT (1HO,9X.44H -- NOTE *-* FROM SUBROUTINE SLITER * / GLITTR 188
1 10X,SSHTHETAI OR DEIZEN EXCEEDS AN ARBITRARILY-SELECTED VALUE,! GLITTR 189
2 1OX,55H89.9 DEGREES, TO WHICH THETA! OR DETZEN HAS BEEN RESET / $,L1TTR 190
3 1OYSSHTO AVOID POSSIBLE DIVISION BY ZERO OR NEAR-ZERO IN I dLITTR 191
4 1OX,1SHCOMPUTING SFR. I GLITTR 192
5 10X.3OHUSER SHOULD VERIFY THAT--- IGLITTR 193
6 IOX,ESH (1) THE CODE HAS A PROPER VALUE OF THETA! OR DETZE3i / GLITTR 194
7 1OX,20H AND, IF SO. / GLITTR 195
8 lOX,SSH (2) WHETHER OR NOT RESETTING OF ThETA! OR DETZEN / GLITTR 196
9 1OX,40N TO 89.9 DEGREES IS SATISFACTORY. 1GLITTR 197

cc GLITT 198
104 SHADOW - 1.0 GLITTR 199

IF( WIND.EQ.O.O ) GO TO 107 GLITTR 200
cc SHADOW u SHADOWING FACTOR BASED ON WORK OF SAUNDERS ISA-67, GLITTR 201
cc SA-SBC) BUT EXTENDED TO PERMIT A BISTATIC DEPENDENCE GLITTR 202
cc ON THE ZENITH ANGLES OF BOTH INCOMING AND OUTGOING GILI TTR 203
cc RAYS G~LITR 2,04

PISQ = SORT( PI ) GLITITR 205
5155 a SORT( 5.12E-O3*WINO GLITTR 206,
THETV2 - ATAN?) 0.50,5165 GL!TTR 207

cc THETY? IS THE ZENITH ANGLE BELOW WHICH ESSENTIALLY GL17TTR 208
cc NO SHADOWING OCCURS. GLITTR 209

SOFSVI * 1.0 GLITTR 210
IF( ThETAI.LT.THETV2 ) GO TO 105 GLITTR 211
511 = 1.O/(SIGS-TAN(THTAIP)) SUPETR 212
SOFSVI - 2.0/C1.0.ERF(SVI)4EEP(-SVIPSVI)/(PISOS'VI)) GLITTR 213

105 SOESYR - 1.0 CLIPER 214
IF( DETZEN.LT.TWETV2 ) GO TO 106 GLITT-R 215
SVR - 1.O/(SIGS'TAJ4(DT2ENP)) GLITTP 216
SOFSVR = 2.Of(1.O.ERF(SVR)+EXP(-SVR*SVR)'/(PISQ*SYR)) GLITTR 2217

106 SHADOW =SOFSVI*SOESVR GLIrTIP ?1p
cc GL! TTP 71

107 SFR - O.25*RHO*SMPALLP/(COS(DTZENP).COS(THTAIP)) G~LPE-R 770
SFR = SFR*SHADOW/COS(BETA)n4 GLITTR 771

cc GLITTR 22??
cc GLPE 223M??
cc GLIPER 224

IF( .NOT.SPCULR )GO TO 70 GL ITTP 225
cc GLIT TP 226
CCC FORMULAS FOR SPCLAT AND SPCLDN **********t***S*GLITTR 277
cc Gi.ITTP 228
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cc ALP - TOTAL EARTH-CENTRAL ANGLE BETWEEN PAYS TO DETECTOR SLITI.TR 2f9cc AND SOURCE. GLITTt. 230
ALP - CANGLECD)ETLAT.DETLON.SRCLAT,SRCLON) GLITTR 231
KFLG - WRCFLGO.43.5 GLITTR 23?GO TO (10.12). KFLG GLITTR ?33

cc SET EPSS FOR SUN BEING SOURCE. GLITTR 23410 EPSS -(RE+POSALT)/RSuN GLITTR 23S
GO TO 14 GLITTR 236

cc SET EPSS FOR FIREBALL BEING SOURCE. GLITTR 237
12 EPSS - (RE+POSAIT)/(RE4SRCALT) GLITTR 238C** * GLITTR 239

C* * * START OF ITERATIVE PROCEDURE FOR THE SOLUTION OF THE GLITIR 240
C REFLECTION POINT (IN TERMS OF ALPA AND ALPS). GLITTR 241
C ThE METHOD USED !S NIEWTON-RAPHSON. GLITTRt 242C * * * GLITTR 243

14 KOUNT 0 GLITTR 244
FACT -(1.O-EPSA)/((1.o-EPSA)+(1.o-EPSS)) GLITTR 245

C THE INITIAL GUESS FOR AJLPA IS GIVEN BY FACTMkP GLITTR 246
ALPA - FACT*ALP GLI1TR 247

16 KOUNT - KOUNT+l GL ITTR 248
ALPS - ALP-ALPA GL ITTR 249
BETA - ATAN( EPSAtS1N(ALPA)/(1.0-EPSA*COS(nLpA)) 3GLITTR 250
BETS - ATAN( EPSS*S!N(ALPS)/(1.o-EPSS*CDS(ALps)) 3GLITTR 251

C CALCULATE F(ALPA), FOFA, AND F PRIIC-(ALPA). FOFAP GLITTR 762
FOFA *ALI'-2.

t ALPA+SETS-BETA 3LITTR 253
051 *1.0 + EPSSt(EFSS.2.%COS(ALPS)) GLITTR 254
002 *1.0 -EPSA*(EPSA-2.*COS(ALPA)) GLIITR 255FOFAP E PSS*(EPSS-COS(ALPSVj/DO1 - 2.0 GL ITTR 255
FOFAP -EPSA*(EPSA-COS(ALPA))IDD2 + FOFAP GL ITTR 257
DELTA - (ALPA+BCTA)-(AkLPS+SETS) GLITTR 258

C UPDATE ALPA -- GLITTR 259C ALPA NEW - ALPA OLD - F(ALPA DLD)/F PRtIME( ALPA OLD) GLITTRl 260
ALPA -ALPA-FOFA/FOFAP GLITTR 261

C CHECK FOR SOLUTION OR IF NUMBER OF ALLOWED ITERATIONS GLITIR 262C HAS BEEN EXCEEDED GLITrR 263IF( ABS(DELTA).LE.2.DE-Os ) GO TO 18 GLITTR 264
IF( KOUNT.GE.IDO ) GO TO IS GLITTR 265
GO TO 16 GLITTR 266

C ** *GLITTIR 26?C * *t * END OF ITERATIVE PROCEDURE. kLITiR 268C * * GLITTR 269
le ALPS - ALP-ALPA GL ITTR 270ALPSD -ALPS1lBO../PI GLITTR 271

ALP*I - ALPA*18O./PI GLITTR 272
WRITE(6.5) ALPADlALPSfl,KOuNT.EPSA.EpSS GLITTR 273

S FORMA- (IPHO ALPHA A -,Fl2.4.5X.IIH ALPHA S t.F71~ SX,15, GLITTR 274
*12H 'TERATIONS,5x,6H EPSAwE12.4,5X.6H EPSS-.t12.4) GLI-TR 275
CALL GCRCL-E(DETLAT.DETLDN,SRCLAT.SACLO#4,ALP,ALPA.SPCLATSPCLON) GLITTR 276CC NOW HAVE SPCLAI AND SPCLON GLTR 277

,.C 
GLITiR 278

GO TO 80 GL I TR 279
70 SPCLAT -- 1.0 GLITTR PRO

SPCLON * -1.0 G1ITTR PR)
50 IF( .NOT.ESURFI ) RETURN GLITTQ 76?

cc GULTTR 2F3
CCC FORMUJLAS FOR EPSD**O. ** * * * * GLITTR 284
cc GLITTrR 285

CALL FRESNL(2LAN,DTZENP.R4.C) GLITTR 786
cc GLITTR PR7
cc COMPUTE EPSO OUITER ?RP

EPSO 1.0-RHO GLITTR 769
RETURN GLITIR 7190
END GL ITTP 291
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SUBROUTINE PATH( FIRST, ISHELL, US, XFRACS ) PATH 2
C PATH 3
C *PATH* DEVELOPS THE PATH INTEGRALS FOR ATfSPHERIC ABSORPTION. PATH 4
C PATH 5
CLJ PATH 6
CLJ INPUT PARAMETERS PATH 7
CLJ ARGUMENT LIST PATH a
CLJ FIRST 2 LOGICAL INITIALIZATION SWITCH PATH g
CLu .TRUE. FOR FIRST CALL (I.E., CORRESPONDING TO PATH 10
CLJ PATH FROM RX TO RY IN TRNSCO) PATH 11
CLJ - ,FALSE. FOR SUBSEQUENT CALLS (I.E., CORRESPONDING PATH 12
CLJ TO PATH FROM RY TO RZ IN TRNSCO) PATH 13
CLJ ISHELL(1) - INDX(I) IN CALL FROM TRNSCO OR SUJRAD PATH 14
CI.j ISHEL(2) - INDX(I+I) IN CALL FROM TRNSCO OR SURRAD PATH 15
CLJ 0S - OS(1+1) IN CALL FROM TRNSCO OR SURRAD. PATH 16
CLJ NOTE... IT IS ALWAYS TRUE THAT DS(l)-D.O AND PATH 17
CLJ DS(NC*1)=-I., WHERE NC IS THE NUMBER OF PATH PATH is
CLJ SEGMENTS PLUS ONE. ATMRAD WILL NOT BE CALLED PATH 19
CLJ WITH !-NC. PATH 20
CLJ XFRACS(1) - XFRACS(I) IN CALL FROM IRNSCO OR SURRAD PATH 21
CLJ XFRACS(2) - XFRACS(I+I) IN CALL FROM TRNSCO OR SURRAD. PATH 22
CLJ NOTE. THIS ARRAY XFRACS (DIMENSIONED 2) IS NOT THE PATH 23
CLJ SAME AS THE ARRAY XFRACS (DIMENSIONED ITO) IN PATH 24
CLJ SUBROUTINES STEP, STEPS, AND TRNSCO. PATH 25
CLJ ( SEE NOTE IN SUBROUTINE ATMAD ) PATH 26
CLJ XYZCOM COMMCN PATH 27
CLJ NS - NUMBER OF ALTITUDE BOUNDARIES PATH 28
CLJ TS(J) - TEMPERATUR: AT ALTITUDE BOUNDARY J, BEG K (J.I.NS) PATH 29
CL,] PS,)) v PRESSURE AT ALTITUDE BOUNDARY J,. ATh (J3I,NS) PATH 30
CL,] XNSPEC(JN) - SPECIES-N DE':SITY AT ALTITUDE BOUNDARY J, 1/C0t3 PATH 31
CLJ (J=lNS I N=1,lO) PATH 32
CLJ OUTPUT PARAMETERS PATH 33
CLJ XYZCOM COMMON PATH 34
CLJ U(I,N,2) * CUMULATIVE VALUE OF PATH PARAMETER U (AREAL PATH 35
CLJ DENSITY) FOR TEMPERATURE-INDEX I AND SPECIES N AT PATH 36
CLJ END OF LINE SEGMENT DS, CM AT STP PATH 37
CLJ UP(I,N,2) - CUMULATIVE VALUE OF PATH PARAMETER UP (PRODUCT Or PATH 38
CLJ U AND PRESSURE P) FOR TEMPERPe'IE. INDEX I AND PATH 39
CLJ SPECIES N AT ENE OF LINE SEGMENT DS, ATM-CM PATH 40
CLt AT STP FOR U AND UP (1-1,2 . N-1,1O) PATH 41
CLJ PATH 4?

DIMENSION XNSI(IO), XNS2(1O), DU(1O,10), DUP(IO,1O), ISHELL(2), PATH 43
3 XFRACS(?) PATH 44
COMMON / XYZCOM / ITNTE, LTMTE, NS, HSHELL(81), TS(B)), PS(8l), PATH 45
1 XNSPEC(81.10), U(1O,O.2), UP(1O,1O.2), NMOLS, PATH 46
2 FACT PATH 47

C PATH 48
LOGICAL FIRST PATH 49

C PATH SO
CLJ KINTRP IS AN ARITHMETIC STATEMENT FUNCTION FOR LINEAR PATH 51
CLJ INTERPOLATION, RETURNING THE VALUE XINTRP AT A FRACTIONAL PATH 5?
CLJ DISTANCE (1.-XFRAC) BETWEEN END-POINT VALUES Z1 AND Z2. PATH 53
CLJ PATH 54

XINTRP( Z1, 22 ) * 21 XFRAC + Z2 * ( 1. - XFRAC ) PATH 55
C PATH 56

IF ( .NOT. FIRST) GO TO I PATH 57
C INTIALIZATIONS PATH 58
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FIRST I ,FALSE. 
PATH 59

CLJ NOW ZERO SECOND-HALVES OF U AND UP ARRAYS, WHICH IS WHERE WE PATH 60

CLJ ACCUMUJLA'E OUR OUTPUT RESULTS FOR THESE ARRAYS. PATH 61

CALL XMIT ( -100, 0., U(1,1,2) ) PATH 62

CALL XMIT ( -100, 0., UP(l,1.2) ) OATH 63
PATH 64C PATH 65

1 Li - ISHELL(1) PATH 66

L2 ImSHELL(?)
C SET SHELL PROPERTIES AT FIRST POINT PATH 67

CLJ NOW TRANSFER SECOND-HALVES OF U AND UP ARRAYS TO FIRSIT-HAIYES, PATH 68

CLJ I.E., INITIALIZE THE STARTING POINT OF THE SECOND LJ6 TO PAIN 69

CLJ VALUES AT END OF FIRST LEG OF PATH. PATH 70

CALL XMIT 100, U(l,1,2), U ) PATH 71

CALL XMIT 1 100, UP(i.I.2). UP ) PATH 72

IF ( L? .EQ. 0 ) RETURN PATH 73

C INTERPOLATE FOR P. T, AND C(SPECIES) AT FIRST POINT PAtH 74'ATH 75

XFRAC XFRACS(1) PATkH 76

PSLI PS(LI) K' TH 77

TSL1 TS(Ll) PATH 78

IF ( xFRAC .EQ. I. ) GO TO 2 PATH 78

PSLI - XINTRP( PS(LI), PS(L2) ) PATH 79

TSL1 . XINTRP( TS(LI). TS(L2) ) PATH a!
2 DO 3 N-1.10 PATH 8!

XNII(N) XNSPEC(LI,N) PATH 82

IF ( XFRAC .E i. .OR. XNSPEC(LIN) X XNSPEC(L?.N) .EO. 0. ) PATH 83

s GOTO3 
PATH 84

XNSI(N) = XINTRP( XNSPEC(LI,N). XNSPEC(L2.N)) PATH 85
•PATli 86

3 CONTINUE 86

C INTERPOLATE FOR P. T, N*9 C(SPECIES) AT SECOND POINT PATH

xFRAC * XFRACS(2) PATH 89

PSI? - PS(L2) PATH 89

TSL2 = TS(L2) PATH 90

IF ( XFRAC .EO. 1. ) GO TO 4 PATH 91

PSL2 = XINTRP( PS(L2). PS(LI) ) PATH 93

TSL2 - XINTRP( TS(L2), TS(LI) PATH 94

4 D NPATH 95
XNS2(N) - XNSPEC(L2,N) PATH

IF ( XFRAC .EQ. 1. .OR. XNSPEC(LI,N) + XNSPEC(L?,N) .ED. 0. ) PATH 96PAmTH 97

GO TO S PATH 91
xNS?(N' - XINTRP( XNSPEC(L2,N), XNSPEC(LI,N) ) PATH 99

S CONTINUE PATH 100
C COM•JTE DIFFERENTIAL U AND UP

CALL SEGMENT ( 10, 0.. XNSI. PSLl, TSLI, OS, XNS?. PSL2, TSL?., PATH 10i

DU,' DUP) PATH 103

C ACCUMULATE U AND UP AT SECOND POINT pATH 103

DO 6 N=1,10 
PAtH 104

DO , 1=1,2 
PATH ' •

U(.,N,2) - U(U,N,2) + DU[I,N) PATH 106

UP(I,N.2) * UP[I,N.2) + DUP!I.N) PATH 10,

6 CONTINUE 
PATH I

RETUJRN 
PA

T U IO

END
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FUNCTION PLANCK ( T, W ) PLANCK 2
C PLANCK 3
C *PLANCK GIVES THE BLACK BODY SPECTRLU PLANCK 4
C ( WATTS CM-2 ST-1 (CM-1)-1) PLANCK 5
C PLANCK 6
CLJ PLANCK 7
CLJ INPUT PARAMETER PLANCK B
CLJ ARGUMENT LI ST PLANCK q

CLJ T - TEMPERATIRE, DEG K PLANCK 10
CLJ W - WAVIENUMBER. !/CM PLANCK 11
CLJ DATA STATEMENTS PLANCK 12
CLJ C - VELOCITY OF LIGHT, CM/SEC PLANCK 13
CLJ H - PLANCK'S CONSTANT, J SEC PLANCK 14
CLJ CHK , C4H/K, CM DEGREE-K PLANCK is
CLJ WIERE K , BOLTZMANN CONSTANT PLANCK 16
"CLJ - 1.380662E-23 J/(OEGREE-K) PLANCK :7
CLJ OUTPUT PARAMETER PLANCK 18
CLJ FUNCTION fLANCK 19
CLJ PLANCK " SPECTRAL RADIANCE, WATTS/(CN*2 SR CM"-1) PLANCK 20
CLO PLANCK 21

DATA C / 2.997925E10 I, Ci. / 1.438786 1, H 1 6.626176E-34 / PLANCK 22
CLJ PLANCK 23

PLANCK = 0. PLANCK 24
IF ( T EQO. 0.) GO TO 2 PLANCK 25
-Z CHK I T * W PLANCK 26
IF t Z GE. 88.) GO TO 2 PLANCK 27
PLAiCK (2. - C-2 - W-3 / (EXP(Z) -. )) 1 H PLANCK 28

CL.O PLANCK 29
CL.' TO OBTAIN PLA.NCK IN THE UNITS USED BY GRC, PLANCK 30

"CLJ PHOTONS/(CMR2 SEC SR CM'-1), PLANCK 31
CLJ DIVIDE BY HCW=H*C*W . PLANCK 32
CLJ PLANCK 33
CLJ TO OBTAIN PLANCK IN UNITS OF W/(CM,2 SR MICRON), MULTIPLY BY PLANCK 34
CLJ I.E-O4*WVW OR BY 1.E+O4/(ZLAMDA*ZLAMDA) WHERE ZLAMDA=I.E.O4/W PLANCV 35
CLJ P'L,,LK 36

2 RETURN PLANCK 37
END PLANCK 38

SUBROUTINE REATAN(SR.EL,AZXEYN.ZV) REATAN 2
CCC REATAN 3
C SUBROUTINE REATAN (A MODIFIED HARC ROUTINE CALLED REAXYZ), REANAU 4
C GIVEN THE SLANT RANGE, ELEVATION ANGLE, AND AZIITH ANGLE OF A REATAN 5
C POINT WITH RESPECT TO SOME REFERENCE LOCATION, PROVIDES THE REATAN 6
C TANGENT-PLANE COORDINATES OF THE POINT WITH RESPECT TO THE REATAN 7
C SAME REFERENCE. REATAN p
CCC REAAN q
C INPUTS FROM CALL STATEMEN

T  REATAN in
C SR = SLANT RANGE OF POINT, CM REATAN ]I

C EL - ELEVATION A'GLE OF POINT. RADIANS REATAN I?

"C AZ AZIMUTH ANGLE OF POINT, RADIANS REATAN p?

C OUTPUT: PREAN 14

C XE a I COORDINATE OF POINT, CM REATAN 15
C YN = Y COORDINATE OF POINT, 2W REMANA 16

C 7V = Z COORDINATE OF POINT, CM REATAN i 7

CCC REATAN !?
COSEL - COS(EL) REATAN 10
XE = SR*COSEL*SIN(AZ) REAMAN 20
TN - SR*COSEL*COS(AZ) REATAN 21

Zv - SR*SlI(EL) REAMAN 2?

RprtON DEA'A• 7?
END REATAN 24
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SUBROUTINE RINOUT(MATIFIREIDAY) RIN4OUT 2

CCC RINOUT 3
C SUBROUTINE RINOUT, GIVEN THE GEOGRAPHIC LOCATIONS OF THE RINOUT 4
C SOURCES (SUN AND/OR FIREBALLS), THE DETECTOR, AND THE RINOUT 5
C POSITION P OF THE INTERSECTION OF THE LINE-OF-SIGHT FROM THE RINOUT 6
C DETECTOR TO THE EARTH'S SURFACE, COMPUTES THE ZENITH ANGLES RINOUJT 7
C (AND, FOR FIREBALLS, SLANT RANGES) OF SOURCES FROM P AND THE RINOUT 8
C DIRECTION OF THE RAY FROM F TO DETECTOR IN TERMS OF ZENITH RINOUT 9
C ANGLE OF THE DETECTOR AND (IF THE SURFACE IS NOT LAMBERTIAN RINOUT IC
C (WAT-t) OR WATER (MAT=2)) THE ABSOLUTE VALUE OF THE AZIMUTH RINOUT 11
C ANGLE OF SCATTER WITH RESPECT TO THE PRINCIPAL PLANE RINOUT 12
C CONTAINING THE INCOMING RAY. RINOUT 13
CCC RINOUT 14
CCC INPUT PARAMETERS RINOUT is
C ARGUMENT LIST R INOUT 16
C IFIRE = NUMBER OF FIREBALLS TO BE CONSIDERED AS SOURCES RINOUT 17
C (ALWAYS ZERO IN NBR MODULE) RINOUT 18
C MAT - INDEX FOR CATEGORY OF SURFACE MATERIAL RINOUT 19
C - 1, LAMBERTIAN DIFFUSE SURFACE - 2, WATER RINOUT 20
C - 3, SNOW - 4, SAND - 5. SOIL - 6, FOLIAGE RINOU7 21
C - 7, URBAN MATERIAL RINOUT 22
C TECTOR COMMON RINOMIT 23
C DETLAT - NORTH LATITUDE OF DETECTOR SUBPOINT, RADIANS RINOUT 24
C DETLON - EAST LONGITUDE OF DETECTOR SUBPOINT. RADIAPIS RINO'JT 25
C DETALT - ALTITUDE OF DETECTOR, KM RINOUT 26
C FIRBAL COMMON (NOT USED IN NOR NODULE) RINOUT 27
C FBLAL(L) - NORTH LATITUDE OF FIREBALL-L, RADIANS RINOUT 28
C FBLON(L) - EAST LONGITUDE OF FIREBALL-L, RADIANS RINOUT 29
C FBALT(L) - ALTITUDE OF FIREBALL-L, KM RINOUT 30
C FBRINT(L) - RADIANT INTENSITY OF FIREBALL-L. WATTS/SEC RINOUT 31
C POSITN COMMON RINOUT 32
C POSLAT - NORTH LATITUDE OF INTERSECTION POINT Of LINE-Of- RINOUT 33
C SIGHT FROM DETECTOR TO EARTH'S SURFACE, RADIANS RINOUT 34
C POSLON - EAST LONGITUDE OF. INTERSECTION POINT OF LINE-OF- RINO4JT 35
C SIGHT FROM DETECTOR TO EARTH'S SURFACE, RADIANS RINOUT 36
C POSALT - ALTITUDE OF INTERSECTION POINT Of LINE-Of-SIGHT RINOUT 37
C FROM DETECTOR TO EARTH'S SURFACE, KM RI NO!UT 38
C SOLARP COM4ON RINOUT 39
C SOLLAT - NORTH LATITUDE OF SUBSOLAR POINT. RADIANS RINOLTT 40
C SOLLON - EAST LONGITUDE OF SUBSDLAR POINT, RADIANS RIkOUT 41
CCC OUTPUT PARAMETERS RINOUT 4?
C ARGUMENT LIST RINOUT 43
C IDAY - INDEX FOR DAYLIGHT CONDITIONS AT POINT P RINOUT 44
C -0 IF SOLAR ZENITH ANGLE .GT. 90. DEGREES RINOUT 4fc
C -1 IF SOLAR ZENITH ANGLE ,LE. 90. DEGREES RINOUI 46
C TECTOR COMMON RINOUT 47
C DETZFN - ZENITH ANGLE OF RAY REFLECTED AT POINT P TOWARD RINOUT 48
C THE DETECTOR, RADIANS RINOUT 49
C DETAZI(1) - ABSOLUTE VALUE OF AZIMUTH OF REFLECTED RAY, RINOUT so
C MEASURED FROM PRINCIPAL PLANE DETERMINED BY RINOUT 51
C VERTICAL PLANE THROUGH INCOMING RAY FROM SUN, RINOUT 5?
C RADIANS RINOUT 53
C DETAZI(L+1). L-I,IFIRE (NOT USED IN NB MODWlE) RINOUT 54
C - ABSOLUTE VALUE Of AZIMUTH OF REFLECIED RAY. RINOUT S5
C MEASURED FROM PRINCIPAL PLANE DETERMINED BY RINOLIT Sf
C VERTICAL PLANE THROUGi4 INCOMING RAY, RADIANS RINON'T 57
C SOURCE COMMION R IOLIT 5R
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C SRCZEN(1) - ZEN[TH ANGLE OF RAY INOMING TO POINT P FROO R INOUT 59
C THE SUN. RADIANS RINOUT 60
C SRCZEN(Lt1). L.1,IFIRE (NOT USED IN NOR MODULE) RIIIOUT 61
C - ZENITH ANGLE OF RAY INCONNG TO POINT P FROV, AINOUT 62
C FIREBALL-I, RADIANS RINOUT 63
C SRCSR(L+1), L.'1,IFIRE (ROT USED IN NSR MMUE) RINOLIT 64
C - SLANT RANGE FROM FIREBALL-L TO POINT P. Km RINOUJT 65
Ccc RIftOtf 66

C0D'MIN/FIRBAL/ FBLAT(IO),FBLON(1O),FBALT(1O).FBR1NT(1O1 FIRBAi 2
C014MONIPOSITHf POSLAT.POSLON,POSALT.SPCLAT. SPCLON POSITNs 2

s Cl2LAT,Cl2LON,C12ALT POSITN 3
COWN/SATELL/ SATLAT. SAT-LOW, SATAL T. SATZ EN,* SA1'A2 I SATELL 2
COi4M)N!SOLARP/ SOLLAT ,SOLLON.SOLIRR ( 10 SOLARP 2
COMNVNISDURCEI S~tCLAT.SRCLON,SCALT,SRCFLG,SRCZEN(II).SRCSR(I1) SOURCE 2
CMOft/3NTECTOR/ DETLAT,DE-TL~tE.D)ETALT,DE-TZEN.OETAZI(II) TECTOR 2
DATA P1 .RE / 3.141592653590.6.37103E+03 /R14OU 73

CCC RINOUT 74
C UPON BEING CALLED FROM SUBROUTINE SIJRRAD INITIALLY WITH RINOUT 75
C IFIRE-O (EVEN THOUJGH IFIRES ~GT. 0). RINDUT DECIDES WHETHER RINOUT 76
C THE SUN CAN BE A SOURCE, DEPENDING ON ITS ZE4ITh ANGLE. RINO&JT 77
CCC RINOUT 78

IF( IFIRE.GT.O ) GO TO 20 RINOUl 79
SINSIN - SIN(POSLAT)51IN(SOLLAT) RINOUI so
COSCOS - COS(POSLAT)*COS(SOLLAT) RINOUTr 81
CSSOLZ -SII4SIN + COSCOS*-COS(POSLON-SOLLON) R INOU"T a?
IDAY - 0 RINOUT 83,
IF( CSSOLZ.LT.O.O ) GO3 TO 10 RINOUT 84
WDAY - 1 RINOIJT 85
SRCZEN(1) - ACOS( CSStILZ )RINOUT 86

10 CONTINUE RINOUT 87
cc RINOUT a8
cc CORPUTE DETECTOR ZENITH ANGLE, Ofl'ZEN, AND, IF MAT .GT. 2 AND R INOUT 69
Cc IDAYal, THlE DETECTOR AZIMUTH ANGLE FOR SUN, DETA21(l). R 1O0T 90
cc ALPHAD =EARTH-CENTRAL ANGLE BETWEEN RAYS TO DETECTOR AND RINROUT 91
cc LINE-OF-SIGHT lNTEkSC-T'M' POINT RINOUT 92

ALPHAD -CANGLE(OETLAT.DETLON,POSLAT.POSLON) RIN&tiT 2
EPSO a RE+POSALT)f(RE.OETALT) 2INOUT YA
CDO (1.0-EPSD)f(I.O+EPSD) RINmIT 95
CO - 2.0*4AT ( CDfTAi4ALPHADI2.)) RINOUL.T 916
BETAD 0 .5'(Pi-ALPI4AD-CD) RINOLT 97
DETZEN =ALPHAD+BETAD RINCOUT 99
IF( (IDAY.EO.O) OIR. (KAT.LE.2) ) RETUIRN RINOUT 99

cc R14OUT 100
cc SET SUN INTO SOURCE COORDINATES. RINOUT 101

SRCLAT -SOLLAT RINOýtT 102
SRCLON - S0110w RINOUT 103
GO TO 40 RINOJT loý

n? L-1 RINOUTý 105
cc R I WOJT 106
cc SET FIREBA.LL-L INTO S"UCE COORDINATES. RINwjJT 107

30 SRCLAT -FBLAT(L) RINOUT 108
SRCLON - BLO$4(L) RINOtIT 109
SPCALT -FBALT(L) R1NOUT 110

cc RINOUl III
IF( N.AT.LE,2 ) GO TO 60 RINOUT 11?

CC, RI MIMI 113
*cc START CALCULATION OF DETA21CI) OR DETAZI(L+1), (L=1.1FIRE') RINOUIT 114



40 SIMfP - COS( POSLAT ) Q!4,ITo 115~
COSNP - SINf POSLAT ) R INOU)T 116
COSNS - SINf SACLAT R RIPJ NO 17II
SINKS = COS( SRCLAT )RI'OJT 118
TISIPI - P14PI PINOUJT 119
PIES - 1.8Sf SCLON-POSL04 ) iIROLT 120
1Ff PNS.GE.PI ) P1ES - TWOPI-PIES RIWotrT 121
SIRPMS 5 ( FINS ) R14OLUT 3122
PS - CAIISLE(POSLAT,P-OSLOR,SRCLATSRCLON) RINIOUT 123
SINQSN = SINNP'SINPNS/SINC PS ) RINOUrT 124

cc SOME! NW4RICAL PRECAUTIONS ARE VPECESSARY. RINOIJ 12g
ABSQSN - 1.5Sf SINOSN RINOUT 12tb
ABSONE - ABSQSN-1.0 PINOU 127
1F( (ABSSN.GT.I.0) AND4. (ABSOHE.LE.1.OE-101 RINOS!T 128
* SINQSN -SIGN( 1.OSINQSN RINOuT 129

-S ASIN( 511105K ) RINUT 130
COSNPR =COSNS*COS( PS IRINOUT 131
1Ff COSNP.LTSCOSNPQ ) Q514 - PI-QSM RINOUVT 132
COSOSN COS( QSN ) RINOU 133
WH - ASS( SRCL0#E-DETLON RINOUT 131
1Ff QNS.SE.PI ) ONS - T1OPI-OHS R; NOUrT 135

Cuo"fIS - COS( OHS R RZNOULT 136
S1NQHSa SIN( OMS ) RI OU`T 137
RNQS - ACOS( SINOHS*SINQSrcOSNS - COSQNS*COSQSN RIMOUT 138
S1IIQS -SIN( RNQS ) RINOU 139
ON = ASIR( SINOSN*SINNS/SINNQS RMU ADou '
CSQSN0 - -CO5Jy45-C95( IZNQS ) RINOUT 141
1F( COSOSN.LT.CSOSIIR ) OH P1-OH RINOUT 14?
SINAQ - COS( QIE*DEThAT ) RIPEOUT 143
PSI - ASIR( S1NAQ'SINNOS/SINf ALPHAD I RINOU'T 144
COWA - SIN( ON+DETLAT ) RINOUT 1A5
Q14P - A8S( OETLOW-POSLOW RI NO, T 146
1Ff QNP.GE.PI ) OHP - TWOPI-QNP RINOU!T 1,47
SINOMP -SIN' ONP ) QRIWfoUT 14F
S;MNQ = SINOPI~SINNPISiNNos RI1NOLV.T 149
SNQOPSO SINQP-SINQP RIVOUrT 150
COS.QP =SORT' 1.0-SNOPSI) R RI UT 15i
COS"Q - ALPHAD*COSOP R IWNJXT 1$?
1F( COS.AO.LT.COSAOR PSI =P1-PSI RIMOL'?T 153
If' 1FIRE.GT.0 ) GO TO 50 RINO'JT 154
DETAZIf 1) -PSI R INOUT 155
RETURN RI14OT 156

cc R IW0rJT 157
cc -------------------- --------------------------------------------- ENO'IJT 158
cc THE RE%.AIWING PORTION OF THIS SUBROUTINE IS M07 USED) IN TN!E RIWOUT 159
cc MSN NODULE. R INOUT 160

50 CONTINUE R I 4CUT 161
cc SET DETA7l'L+1). R!NtflUT 16?

DETAZI(L-1I - 051 RINOUJT 163
cc R1 ?I*:yJT 1.64
cc COM1PUITE SRCZEW(L*1) SMD cCS9C9( +1. R 1INOUT 16$
cc ALPHiAF * tAPTN-CENT'U3L SMILE BETWEEN RAYS TO FIREBAilL k AX" RINOU1T 1 'I
cc LINE-OF-SIGHT INTERSECTION PO0iT R I WOUT 16?

60 ALOHA! - CA9(GC,, POSLAT.POSLO~tSRLAT, SRCý CM I R:WIUT 168
EPSF (R!.POSALtU/(RE+SRCALT) R 1§NIU T 16q
CF -f f1.0-EPSF)/f1.O.EPSF) QIN Y' 170
CF - 2.*ATAN' CF/TA41PEALDIFI?.) ) 0f1V W,2 Y
BETAS O.S*(PI-ALPHAF-CF) P:'T Q
SRCZEN(L*1) zALPHM+BETAC RNOA 1721
SRCSR(L+1) RE*SIN:A&PH&V)fStN,8ETA-fRIOU 1'4
1Ff L.GE.IFIRE IRETURN RINOU-VT 17,
L a L+1 RINCUT 176
GO TO 30 RI141,UT 1377
END IP10UT1 VTc
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"SUJROI'T'NE .EGi.ENT ( NSPEC, XI, NSi, Pl, TI, X?, NS2, P2, T?, SFGMFNT 2
1 DLo. PUP ) SEG

TMENT 3
C SEGMENT d

*SFGMNT* DFVELAPES THE ABSORBER AND PARTIAL PRESSURE SEGMENT 5

C INTEGO.'.S FOR SPECIES IN THE PATH ELEMENT FROM P3INT I SEGMENT 6
C TO POWN 2. ALL PROPEDT:ES, TEMOERATUIIR, PRESSURE, AND SEGMENT 7

C CONCEJTRATIONS, ARE ASSUMED TO VARY LINFARLY THROUGH THE SEGMENT R
C PATH ELEMENT. SFGMENT 9
"C SEGMENT 10
CLO INPUT PARAMETERS SEGMENT 11

CLJ ARGUMENT LIST SEGMENT 1?

Cl J NSPEC = NIIMHER OF S)ECIES (10, S&T IN CALL FROM PATH). SEG'-IENT 13
CL,) ThFSP SPECIES ARE IDFNTIFIED BY COMMENTS IN SEGMENT 14
CL.) &'BROUTINE SHELLS. SEGMENT 15
CL,' XI = DISTANCE ALONG LINE SEGMENT (CI., mT IN CALL SEGMENT 16
CL,! FROM PATH), C' SFGMFNT 17
CLJ 'IS] = XNSI(10)-ARRAY, SET IN CALL FROM PAT.. SEGMENT IA
CLI z ARRAY OF SPECIES CONCENTRATIONS AT START OF SEGMENT Iq
CLO - (NE SEGMENT, I/CM-3 SEGMENT 20
CL' P1 - PSL1. SET IN CALL FROM PATH. SEGMENT 21
CLJ = NESSuRE AT "TART OF LINE SEGMENT, ATM SEGMENT 2?
CL,) TI = )SL1, SET iN CALL FROM PATH. EGMENT 23

CLJ X? - DS, SET IN CALL FROM PATH. SEGMENT 25
CL. - LENGTH OF LINE SEGMENT, CM SEGMENT 26
CLJ NS_? = XBS(IP)-ARRAY, SET IN CALL FROM PATH. SEGMENT 27
CLJ - ARRAY P, SPEC!ES CONCENTRPTIONS AT END OF SEGmENT 28
CL.. LINE SEGMENT, i/Ctfl3 SfGfENT ?9
CLJ P? - PSt?, SE' IN CALL FROM PATH. SEGMENT 30
CLJ - PRESSURE AT END OF LINE SEGMENT, ATM SEGMENT 31
Ci T7 1 TSL2, SET IN CALL FROM PATHi. SEGMENT 3?
CL,' - TEMPERATURE AT END r-r LINE SEGMENT, DEG K SEGMN

T  3
CL,, XY COMON SEGT N•• 24
CL, .-. 'I) m TEM.EQATI]RC ARRAY IN ATMOSPHERIC TRANSMISSION SEGMENT 35

-- . . OPF, SET AS DATA IN THE DRIVER PROGRAM. (DES K) SEGMENT 36
." CL. OUJTDUT pARAETERS SEGMENT I-

CLz APG,!vFN' _! T SEO"IsE N

CL,' D;'!j , .'%1.-, APPAYS OF PAWp INTEGRALS U(ATM CM) AND UP(ATm-2 SEGMENT 3c)

CL_ OLP(OIO CflM A' 10 TFMPrRA.nRES FOR EACH OF 10 SPECIES. SEGC
Tm

N' 4.-
CL, TrE 'T'S A; 'THOSE Dr STEPHENS. SAI IL' PRFFFS SIGr4ET 41

LN, T IF . l 'TP FOP V ANT AW_--CM AT 7P FOP UP. SEGMENT 4'

COMMON j XY 7-'!,- SFGM[Nr 43

PIMENSY'NNS1NST 7;NC'NPEC>, D:'1O,NSPEC', -L0r2'1o,NGD r). S'T ~
XT)(I], n"DY.?.1, YNSO'?'? SEGMENT 4,

SFGM-IT 4A

- A. NSI, N%;. HL SFGNrL 41

§ .G ". N G P A D S r s.F % ' 4 -

C SEGMENT 4q

CL.) SFOMN 5.

CL,' NL WiC'~'NMEERIP ftt.lES!M A' ¶ýPK ETLEN _.r~ qrT
,FERLr5 I':ATrH 

2
n" WITH 5'ANOAPD TEMP;RATU

0
E SEG'•NT :;

CL," UN'Ep 7-E T :.. .M N%.
Ct.) SF~uMT C.

DLWA HL / 2%6rEI S-'M", CS

C&lL TMT I .•"N(,DEC Cl, 32, ' 5ES-F
T  

C.
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DPRDX (P2 -PI)/( X2 -X ) SEGMENT 59
XPRO * P1 - Xl * OPROX SEGMENT 60

DO I M'.,NSPEC SEGMENT 61
DNSDX(M) = ( NS2(M) - NS1(M) ) X ( 12 - Xl ) * NL ) SEGMENT 62

XNSO(M) * NSI(M) / NL - X! * DNSOX(M) SEGM!NT 63

1 CONTINUE SEGMENT 64

C SEGMENT 65

IF ( ABS( T2/TI-I. ) .GT. .005 ) GO TO 7 SEGMENT 66

C SEGMENT 67
C NEARLY ISOThERMAL PATH ELEMENT SEGMENT 68

TBAR - ** ( TI + T2 ) SEGMENT 69

IT - 0 SEGMENT 70

DO 2 1-1,10 SEGMENT 71

IF ( TBAR .LE. TT(1) ) GO TO 3 SEGMENT 72

IT - I SEGMENT 73

2 CONTINUE SEGMENT 74

C SEGMENT 75

3 IF ( IT EQ. 0 .OR. IT .EQ. 10 ) GO TO 5 SEGMENT 76

C SEGMENT 77

C TEMPERATURE INSIDE TARLE RANGE SEGMENT 78

FN ( TBAR - M-(IT) ) / fTT(IT+1) - TT(IT) SEGMENT 79

FF =1. - FN SEGMENT 80

Dx1 a X2 - X1 SEGMENT 81

0X2 - X2'*' - X1*2 SEGMENT 82
DX3 - X2**3 - X1*3 SEGMENT 83

DD 4 M=1,NSPEC SEGMENT 84

IF ( NS1(M) + NS2(M) .EQ. 0. ) GO TO 4 SEGMENT 85

TERM = DNSDX(M) * DX? / 2. + XNSO(M) * DX1 SEGMENT 86

DU(IT,M) z FF * TERM SEGMENT 87

DU(IT+1,M) = FN * TERM SEGMENT 88

TERM - DNSDX(M) * DPRDX * DX3 / 3. + ( XPRO * DNSDX(M) + SEGMENT 89

1 XNSO(M) * DPROX ) * DX? / 2. + XNSO(M) * XPRO * DXI SEGMENT 90

DUPIT,M) = FF f TERM SEGMENT 91

DUP(IT+I,MN' - FN * TERM SEGMENT 92

4 CONTINUE SEGMENT 93

RETURN SEGMENT 9a

C SEGMENT 95

C TEMPERATURE OUTSIDE TABLE RANGE SEGMENT 96

5 IF ( IT .EQ. 0 ) IT - I SEGMENT 97

DXI X2 - ]1 SEGMENT 98

DX2 - X2*"2 - X'*"2 SEGMENT 99

DX3 = X2*" - Xl**3 SEGMENT 100

DO 6 M*INSPEC SEGMENT 101

IF ( NSICM) 4 NS2(M) .EQ. 0. ) GO TO 6 SEGMENT 102

DU{IT,M) DNSOX(M) * 3•2 / 2. 4 XNSG{M) . DXI SEGMENT 103

DUP(IT,M) - DNSOX(M) * OPRDX * DX3 / 3. + ( XPRO * DNSDX(M) + SEGMENT 104

1 XNSO(M) * DPROX ) * DY2 / 2- + XNSO(M) * XPRO * DXI SEGMENT 10S

6 CONTINUE SEGMENT 106

RETURN SEGMENT 107

C SEGMENT 108

C MON-7ERO TEMPERATURE GRADIENT SEGMENT 109

7 NGRAD - T2 .LT. TI SEGMENT 110

Do 8 1:1,10 SEGMEiT 11I

IT(,))- T? - 7 ) I ( TI - TI * X1 + SEGMENT 112
1 fl - 77 I) I TI - T2 X2 SEGMENT 113

8 CONTINUE SEGMENT Ii4

IT - 0 SEGMENT 115
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SEGMENT 116
IF ( NGRAD ) IT * 10 SEGMENT 117
II " 1 

SEGMENT 118

Do 15 1=1.10 SEGMENT 119
IP - IT SEGMENT 120

II ,'I 
SEGMENT 120

IF ( NGRAD ) 11 * 11 
SEGMENT 121

IF ( I .Eu. 1 .MD. XT(Il) .GE. X2 ) GO TO 5 SEGMENT 122

IF IXT(II) .LE. XI .0R. xTiP) .GE. x2 ) GO TO 15 SEGMENT 123vrr-ngT 124

IF ( I .GT. I ) GO TO 11 
cEGMENT 124

c 
SEGMENT 125

FIRST PART OF PATH OUTSIDE TEMPERATURE TABLE RANGE SEGMENT 126

DX0 - XT(II) - %1 
SEGMENT 127

DX2 - XT(h1)*"* - X1"'2 
SEGMENT 128

DX3 - XT(I!)**3 - XIl'3 
SEGMENT 129

9 DO 10 M11I,NSPEC 
SEGMENT 130

IF ( NSI(M) + NS2(M) .EO. 0. ) GO 1T 10 SEGMENT 131

OU(II,M) - DU(II,M) * DNSDX(M) * DX2 1 2. + XNSO(11) SEGMENT 132

OUP(I.M) " OUP(II,M) + DNSDX(M0 * 1 PRDX * OX3 / 3. +( xPRO * SEGMENT 133

I DNSDX(M) + XNSO(M) * DPRDX ) * DX2 / 2. + SEGMENT 134SEGMENT 13,5

2 XNSO(M) * %PRO * DXI 
SEGMENT 136

10 CONTINUE 
SEGMENT 136

GO TO 15 
SEGMENT 137

C 
SEGMENT 138

C TEMPERATURE INSIDE TABLE RANGE SEGMENT 139

11 XN = AMAXI( XT(IP), Xl ) SEGMENT 140

XF * AMINI XT(ll). X2 ) SEGMENT 141

OXI - XF - XN 
SEGMENT 142

012 - XF*2 - XN'•2 
SEGMENT 143

0X3 - XF-3 - XN"3 
SEGMENT 144

CSEGMENT 
146DX4 -XF **'4 - X W -*4 SEGMENT 146

C NEAR SIDE INTEGRAL TO NEXT POINT SEGMENT 147

DXT XT(II) - XT(IP) 
SEGMENT 148

FF (XF - XT(IP) ) / DXT 
SEGMENT 149

FN = ( XN - XTCIP) ) / DXT 
SEGMENT 15S

IT II 
SEGMENT 152

C INTEGRATE BY PARTS.-DIFERENTIATING THE WEIGHTING FACTOR SEGMENT 153

12 00 13 M-INSPEC 
SEGMENT 154

IF (NSI(M) * NS2(M) .Q. C. ) GO 110 13 SEGMENT 155

OWN *0. 
SEGMENT 156

IF -F .. 0.) CNN * C NSDX(M)*XFF•22. + XNSO(M)*F ) * FF SEGMENT 157

IF F EN .ME. 0. ) -N a DNN - t DNSDX(M) * XN"2 1 2. * SEGMENT 158

1 XNSO(M) * XN ) * FN SEGMENT 159

OUCIT.N) - DU(IT,M) + DNN - ( DNSMX(M) * 0X3 / 6. * SEGMENT 160

XNSO(M) * DX2 I 2. ) I D0I SEGMENT 161

NNPSEGMENT 
16

IF ( FF E. 0. ) ONNPP - (ONSUX{M) * DPRDX * XF**3 / 3. + SEGMENT 163

I ( XPRO * DNSfIX(M) + XNSO{M) * DM01 ) * SEGMEN' 16a

2 XF*'2 / 2. XNSO(M) * XPRO' XF) * FF SEGMENT 165

IF ( FN .NE. 0. 3 DNNPP - DNNPP - (DNSOX(M) * DPRX * XN'3 / 3. SEGMENT 165

1 * ( XPRO * ONSOX(M) * XNSO(M) * DPROX )* SEGMENT 167

2 IN'2 1 2. * XNSO(M) * xPRO * XN ) * FN SEGMENT 168

DUP(IT.M) a F~ jITM) * DPP - ( DNSDX(M) * DM D1 * 014 , 12. * SEGMENI 16q

1 ( XPRO * ODNSOXCM) 4XMSORM) * DiRlPl X3 '03 / 6. * SEGMENT 170

2 1NSO(M) * XPO * DX2 1 2. ) / DXT SEGMENT 171

13 CONTINUE 
SEGENT 172
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IF ( IT .NE. II ) GO TO 14 SEGMENT 173
SEGMENT 174

C FAR SIDE INTEGRAL FROM PASSED POIN' SEGMENT 175

9XT * XTfIP) - XT(II) SEGMENT 176

FF ( XF - XT(II) / oxr SEGMENT 177

FN ( XN - XT(II) ) / DXT SEGMENT 178

IT IP SEGMENT 179

GO TO 12 SEGMENT 181
C ~SEGMENT 181 2

14 IF ( I .LT. 10 .OR. XT(II) .GE. X2 ) GO TO 15 SEGMENT 18?

C 
SEGMENT 183

C LAST PART OF PATH OUTSIDE TEMPERATURE TABLE RANGE SEGMENT 184SEGMENT 165

DXI - X2 - XT(1I) SEGMENT 186
OX2- X-2 XT11)*2SEGMENT 186DX? = X* - XT(II)*

4 2

DX3 x X2-3 - xT(11).3 SEGMENT 187

GO TO 9 
SEGMENT 189

C 
SEGMENT 19 0

15 CONTINUE SEGMENT 191
C 

SEGMENT 191

IF ( NGRAD ) IT = 10 - IT SEGMENT 19?

IF ( IT .EQ. 0 .OR. IT EQ. 10 1 GO TO 5 SEGMENT 193

C 
SEGMENT 194

RETURN 
2EGMENT 195

END 
SEGMENT 196
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SUBROUTINE SETALT ( ALMIN, ALMAX, JBMND )SETALT 2
CCC HiFTALT 3
C SUBROUTINE SETALT, CALLED FROM THE DRIVER PROGRAM DRVUPW, SETALT 4
C DETERMINES THE ALTITUDES AT WHICH SUBROUTINE UPWELL COMPUTES _rTALT 5
C THE UPWELLING NATURAL RADIATION. SE1.1T 6
C A SET OF CHARACTERISTIC ALTITUDES HAS BEEN PREVIOUSLY SELECTED SETALI 7
C FOR EACH OF THE 10 SPECTRAL BINS. IF THE WAVELENGTH-BAND OF SETALT 8
C INTEREST (ALMIN,ALItAX) SPANS MORE THAN ONE BIN, WE USE A SET SETALT 9
C OF ALTITUDES OBTAINED BY COMBINING THOSE FOR EACH OF THE SETALT in
C SPANNED SINS. SETALT 11
CCC SETALT 1?
C INPUT PARAMETERS SETALT 13
C ARGUMENT LIST SETALT 14
C ALMIN, - MINIMUM AND MAXIMUM WAVELENGTHS FOR WHICH SETALT 15
C ALM4AX UPWELLING NATURAL RADIATION IS TO BE COMPUTED, SETALT 16
C MICRONS SETALT 17
C JBAND - BROAD-BAND LOOP INDEX (1,5) SETALT 18
C SETALT 19
C OUTPUT PARAMETERS SETALT 20
C CDMMON UPWELS SETALT ?1
C NALT(JBANO) -NUMBER OF ALTITUDES FOR BROAD-BAND INDEX SETALT 22
C JBAND SETALT 23
C ZKMCIJBAND) I=1,NALT(JBAND) SETALT 24
C -ALTITUDES OE POINT V ABOVE UPWALT AT WHICH SETAILT 25
C UPWELLING RADIANCE IS COMPUTED FOR BROAD- SETALT 26
C BAND INDEX JBANO, KM SETALT 27
CCC SETALT 28

COMDlN/uPWELS/ UPWALT.UPWLONUPWLAT,NALTCS),zKM(13,5>1NNADIR,NAzI, L'PWELS 2
*NWAVE(5),IDAYVCLDFLG,UPRADN(13,10,5),WV(10.S),IKM. UPWELS 3
* BANOS URWE'.S 4

CO?9CON/UPWILS1/ UPWELS ROO61)RIA6iOOOC~0.RES 6

3 R025(6.IO),RO?5A(6,1O,10),RO?SN(6,1O). UPWELS 7
4 ROSO(6.1O).ROSOA(6D,1O,1).RO5ON(6,1O), UPWFLS B
5 ROQD(6,1O1,RORDOA(6,1O.10),RO9ON(6,1O), UPWELS 'Q

6 R100(6,1O).RIOOA(5.10,10ý).RIOON(6,1O) URWELS 10
7 A,ARVA(6,IOI0),ARCVN(6.I0) UPWELS 11
DIMENSION HUPWEL(II1,),BINLAM(11).NALTL(1O),ALT(56) SETALT 3fl

C SETALT 31
C DEFINITIONS OF DATA... SETALT 3?
C NBINL1 - NUMBER OF WAVELENGTH-BIN BOUNDARIES MINUS ONE SETALT 31
c - NUMBER OF WAVELENGTH BINS SLTALT 34
C BINLAM(L) L=1,(NBINL1'l) SETALT 35
C - WAVELENGTH OF BIN BOUNDARY. MICRONS SETALT 36
C NAL

T
L(M) M=1,NRINLL SETALI 3?

C - NUMBER OF ALTITUDES FOR WAVELENGTH-BIN M SETALT 3e
C HUPWELCI,M) I'1.NALTLCM) M=1.NBINLI SETALT 3q
C - ALTITUDE-I FOR WAVELENGTH-BIN M, KM SETALT 40
C SETALT 41

dIATA NBINLI / 10 /SErALT 4?

DATA BINLAM / 2.000, 2.100. 2.575, 2.675, 2.725, 2.875, 4,150, SETALT 41
$4.550, 4.750, 4.850, 5.000 1 SETALT 44

DATA 4ALTL / 5. 4. 5. 11, 5, 4, 9. SETALT' 4C
$4, 5, 4 /SETAL' 4f

DATA HUPWEL I 0.O_ 12.0.10.. 0., 0., 0., 0.. 0._ SETALT V
2 0., .,.,0.0, 0., 0., 0., 0., 0., 0., SETALi. 4o
3 0., 1., 3.,12_,100._0-, 0., 0., 0., 0.. 0,SE'ALT 49



7¸ . .. • i - .. . -.. ... . ... ... - _ , ...... ... . . ...

4 0., 1.. 2.. 4.. 9.,12.,20.,30.,50.,70.,1DO.. SETALT 50
5 0., 1., 3.,12.,100.,O.. 0., 0., 0., 0.. 0., SETALT 51
6 0., 1.,12.,100.,.0 0., 0., 0., 0., 0., 0., SETA?_ 52
7 0., 1.. 3., 6.,12.,?O.,50.,7O.,100.,0., 0., SETALT 53
8 0., 1.,12.,.00.,0 ., 0., 0., 0., 0., 0.., SETALT 54
9 0., 1.,12.,30.,10O,,D., 0., 0., 0., 0., 0., SETALT 55
A 0., 1,12.,100., 0. 0., 0., 0., 0. / 0. SETALT 56

C SETALT 57
C DETERMINE WHICH WAVELENGTH BINS THE MINIMUM AND MAXIMUM SETALT 58
C WAVELENGTHS, ALMIN AND ALMAX, FALL INTO. SETALT 59

IF ( ALMIN .LT. 2.0 ) GO TO 15 SETALT 60
DO 10 K-1,NBINLI SETALT 61
IF ( ALMIN .LT. BINLAN(K+I) ) Go TO 20 SETALT 62

10 CONTINUE SETALT 63
15 WRITE(6,16) SETALT C4
15 FORMAT(IHO,1X,64HA BOUNDARY WAVELENGTH IS OUTSIDE THE 2.0- TO 5.0- SETALT 65

SMICRON INTERVAL) SETALT 66
STOP 1 SETALT 67

20 MMIN - K SETALT 68
C NOW HAVE INDEX W!IN OF WAVELENGTH BIN FOR MINIMUM WAVELEhGTH. SETALT 69

DO 25 K-INBINLT SETALT 70
IF ( ALMAX .LE. BINLAN(K+1) ) GO TO 35 SETALT 71

25 CONTINUE SETALT 72
30 WRITE(6,16) SETALT 73

STOP 2 SETAIT 74
35 1W4AX - K SETALT 75

C NOW HAVE INDEX W4AX OF WAVEIENGTH BIN FOR MAXIMUM WAVELENGTH. SETALT 76
C SETALT 77

IF ( AX .NE. WHIN ) GO TO 50 SETALT 78
NALTJ - NALTL(i4MN) SETALT 79
NALT(JBAND) - NALTJ SETALT 80
DO 40 I-l,NALTJ SETALT 81
ZKM(I.JBAND) - HUPWEL(I,MIN) SETALT 82

40 CONTINUE SETALT 83
GO TO 90 S.TALT 84

50 CONTINUE SETALT 85
, 3 0 SETALT 86
DO 70 N-MMIN,MIAX SETALT 87
NH - NALTL(M) SETALT 88
DO 60 I=,1NH SETALT 89
Jy 3.1+ SETALT 90
ALT(J) - HUPWEL(I.M) SETALT 91

60 CONTINUE SETALT 92
70 CONTINUE SETALT q3

JMAX = J SETAI.T 94
C SORT ALT ARRAY IN ORDER OF INCREASING ALTITUDES AND THEN SETALT 95
C ELIMINATE REDUNDANT ALTITUDES. SETALT 96

CALL SORTLJ(ALTALT,ALTJMAXO) StTALT 97
,W1 -KAX - 1 SETALT 98
J 1 SETALT 99
ZKM(I,,BAND) - ZT(l) SETAkT 100
DO 80 I1-,,J.1 SETALT 101
IF ( ALT(141) .EQ. ALT(I) ) GO TO 80 SETALT 102
3. 3 *1 SETALT 103
ZKNM(,IJBAMD) * ALT(1+-) SETALT I04

80 CONTINUE SETALT 105
NALT(,BAND) J 3 SETALT 106

90 CONTINUE SETALT 107
END SETALT 108
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SUBROUTINE SHELLS SHELLS 2
C SHELLS 3
C SqHELLS* PREPARES A TABLE OF PHYSICAL PROPERTIES FOR THE SHELLS 4
C AMBIENT ATMOSPHERE USED IN THE CALCULATION OF ATMOSPHERIC SHELLS 5
C TRANSMISSION. SHELLS 6
C SHELLS 7
CUJ SHELLS a
CUJ INPUT PARAMETERS SHELLS 9
CUO ATMOUP COMMON SHELLS 10
CUJ PP - PRESSURE, OYNES/CK**2 SHELLS 11
CL.] TT - TEMPERATURE, DEG K SHELLS 12
CL.] SNI(I) - DENSITY OF SPECIES 1. ]fCN-3 SHELLS 13
CL.] PARTICULAR SPECIES ARE INDICATED AS FOLLOWIS... SHELLS 14
CL.] N I=INAP(N) SHI(M SHELLS 15
CL.]------ SHELLS 16
CL.] 1 8 NO SHELLS 1?
CL.] 2 11 4+SHELLS 18
CL.] 3 21 N20 SHELLS 19
CL.] 4 1s N02 SHELLS 20
CL.] 5 14 03 SHELLS 21
CUJ 6 6 CO)? SHELLS 22
CL.] 7 20 CO SHELLS 23
CL.] 8 22 CHI SHELLS 24
CL.] 9 16 HZO SHELLS 25
CL.] 10 18 0"4 SHELLS 26
CL.] XYZCOM COMMON SHELLS 27
CL.] FACT -PATH INTEGRATION FACTOR CONTROLLING THE NUMBER OF SHELLS 28
CL.] ALTITUDES AND SPACING (MAY HAVE A VALUE BETWEEN SHELLS 29
CLJ 0.1 AND 10. PER EWING. NOMINAL VALUE 1S 1.0) WHELLS 3D
CL.] IOR FACT-1.O, WE HAVE NS-77 AND JCHffGE-4O. SHELLS 31
CL e_ HS, KM SHELLS 32
CL. fU t nE*LttSHELLS 33
CL * L 1 0.0 SHELLS 34
'CU 2 0.526 SHELLS 35
CL] 39 20.000 SHELLS 36
CL- 40 22.105 SHELLS 37
CLJ 58 60.0 SHELLS 38
CLJ 77 100.0 SHELLS 39
CLJ SHELLS 40
CLJ SUBSEQUENT TO THE INITIAL DEVELOPMENT OF SUBRDJTINE SHELLS BY SHELLS 41
CL.] L. EWING OF GET, J]. GARBARIND OF GRC SIGNIFICANTLY REVISED THE SHELLS 42
CLJ SETTING OF THE ATMOSPHERIC SHELLS WITH THE N-TENT TO REDUCE SHELLS 43
CLJ THE RUNNING TIME. FOR THE ORIGINAL SETTING OF THE ATMOSPHERIC SHELLS 44
i .SHELLS, THE NMPIN NUMBER OF BOUNDARIES WAS 81. FOR THE GRC SHELLS 45
CLJ SETTING, IT IS 61. THUS, SEVERAL VARIABLES COULD NAVE THEIR SHELLS 46
CLJ DIMENSIONS REDUCED TO 61 DENO 81. GPC HAS ALSO MADE FACT SHELLS 47
CLJ DFPENDENT ON TANSOPT IN P)'rA?' ATKGEN BY SETTIN FACT TO 1.0 SHELLS 48
CLJ IF TRNSPT .NE. FAST AND TO 10. IF TUNSOPT .EO. FAST, SHELLS 49
CLJ WE HAVE KEPT FACT INDEPENDENT OF TRNSOPT. WELLS 50
CLJ SHELLS 51
CLJ, 'IE REJORO ThE KrJWDARIES FOR THREE VALUES OF FACT, PER 6RC. SHELLS 52
CLJ 7 'OELLS 53

CLJ FOP FACT 1, 101.225. X1'3.1?5, 12-7.8125 H:ELLS 54
CLJ "S j1 HS j H SHELLS S5
CLJ - ------ ---------- --------- ------- ELLS 56
CLJ 1 0. XCHNGI-1 13.12C OCHNG?=18 42.825 SHELLS 57
CLJ 2 1.25 11 16.00 1N 50.U'1.0) xELLS S?

i , CJ F•F•T=,0,WE H• NS77 • •G=40.SHEL2?3

--------------------------- 3.



CLJ 3 2.50 12 19.375 7o 58.4375 SHELLS 59

CLJ 4 3.75 13 22.500 21 66.2500 SHELLS 60

CLJ 5 5.00 14 25.625 22 74.0675 SHELLS 6i

CLJ 6 6.25 15 28.750 23 81.8750 SHELLS 6?

CLO 7 7.50 16 31.875 24 8G.n,•
7 5 SHELLS 63

CLJ 8 8.75 17 35.000 25 97.50on SHELLS 64

CLJ 9 10.00O 
SHELLS ESHELLS 66

CLJ. SHELLS 66

CLJ FNR FACT 10, XO=3.0, x1=7.5, X2=18.75 SHELLS 67
CL. J HS . HS j $5 SHELHS 68
LJ .SHELLS 69CLJ ----. .. . .. .------- -- --

CLJ 0.0 JCHfG1=5 16.5 )HNG2e 8 50.25 SHELLS 70

CLJ 2 3.0 6 24.0 9 69.00 SHELLS 71

CLJ 3 6.0 7 31.5 1O 87.75 SHELLS 72
C1 4 9.0 11 106.50 SHELLS 73
CLJ0 SHELLS 74

CL.] FOR FACT = .1. X0=0.5, xI=1.25, V2=3.125 SHELLS 5

CLJ 3 HS 3 HS H BS SHELLS fb
CL ---- --------- ---------.. ---- .SHELLS 77

CLJ 0.0 JCHNGI=22 11.25 lrHNG2=4? 38.125 SHELLS 78

CLJ 2 0.5 23 12.50 43 41.750 SHELLS 79

CLJ 3 1.0 2 13.75 44 44.375 SHELLS 8n

CL- 
SHELLS 81

CL] SHELLS 83
CLJ 

SHFELL S F 3
CL.)

CLI 21 10.0 41 35.00 6i 97.500 SHELLS 84
CL.. SHELLS 8M

SH.LLS 86CL J 0O UT PU T P AR A ME T E'R S 9 1F, ! S 8 1
C L O X Y Z C OM C O " AO % . . . .. a

CLJ NS = NUOsER OF ALTITUDIE BOUNDARIES SHELLS 88

CLI HgSHELLJ)) = ALTITUDE BOUNDAPIES, Cm (,3=1,NSS) 9!

CLO TSCi) * TEMPERATUPE AT ALTITUDE BOUNDARY 3, DEO K " 5L4C ..... .

CLJ Ps(j3 = PRESSURE AT ALTITUDE BOUNDARY J, ATM !3=1,N$' 9,
CLJ XNSPEC(J,N' = SPECIES-N DENSITY AT ALTITUDE BOUNDARY J, !'CMT' S5-L LS 9
CI.) (3=1,MS ,N=1,10) 

94ELIS 9•
C1 S-F,-L S 9•

CLJ.
DIMENSION PRWATR(81) 5? 9

DIMENSION IMAP(I0) 97

C0O$N I AT'O-.P I 4L, SEAR, IORN, PP, RHO, TT, SNI'30
1 , HPHI9O, S,4•['

I FEHSEQ S4ELLS Q?

COMMON / XYZCOM / ITNTE, LTMTE. IS, HSHELL(61), TSVF", PS(I9', S9r4- QQ

I XNSPEC(81.1O•) U(10,10.?), U)',C?. trNDLS, 5. S C

2 FACT 
9LSp I rl

SWF LL 10L
DATA IMAP I S, 11, 21, 15, 14, 6. 20. 22, 16, 18 ' SHE '' 107

•SHE LLS 1)4

C ISHE, Inl

CLj THE ORIGINAL GE
t ALGORITHM IS COW.,ENTED I27 Wlfl CGE. ' n

CGET NS - 40.5 - 2.5 * FACT ....

CGET NS - MAXO
1 30, MINX( 2 * NS, 80 341 94'; 1n'

CGE D JCHNGE 2 ? NS /1 
. ...

CG"T X - 40.! FLOA'
t NS -NrS I''

NS 6 5.1 * 7./FACT "4

NV • MAYl- 10, MINO' 60, ?NNS 4 1

JfHNS! = ? + NS/3 Si..
, .CNS? 2? 2iNS.3 sr ,
I a 30./FL0AT(NS-1) 

c"r



HS -X 94ELLS 116
WRITE(6,5) SHELLS 117

5 FORMATCKIHI.44X,43M * OUTPUT FROM SUBROUTINE SHELLS * ,I1.1 SHELLS ]i.
1K .126H J2 HSHEIL TS PS NO WO. NZ11 SHELLS 330
s NO? 03 CO? CO CHG K2. C1 SHE4LLS 1 20
$N/,1H 28BH K' DEG K ATMO S I1O(3X,7HI/CM-3"' SHEL-LS 1T,

DO 10 I=1,NS SH L LS 12'
COE-T IF( J .EO. JCRNGE X = 4. * X SHELLS i123

IF( J1 EO. ICHNG1 X 2.5*1 SHELLS 124
IF( J .EO. ICHNG2 X 2.5iX SHELLS 125
HS '4 HS + SHELL S 16

C ESTABLISH ARRAY OF SHELL-BOUNDARY ALTITUDES. SHELL 'S 1?7
HSHELL(J) K S * 1.E5 SPELLS 12R.
CALL AT'405U 2, KS ISHELLS 129
CALL SPCMIN (2, HS I SHLS r3
SNUL1I = 0. SWLS 172

CLJ siElLnS 13?
CLJ THE TEST ALTITUDE IN THE FOLLOWING IF-STATEMENT. IN: TIALL-Y SE' S'-7LL S 132
CLi TO 75 KM BY G.E.TEMPO, HAS REEN CHANGED TO 9O K- BE-CAUSE SHELLS 134
CLJ SUBROUTINE 101(5'l COMPUTES RD+ ONLY FOR ALTITUCE1ýS GE. 90 KM. SHELLS '3;
CLJ FUR1THER, NO0+ IS PROBABLY NEGLIBLE BELO6 90 K1. SHELLS 136
CUJ SHELLS 13'

IF( HS.S;E.90. ) CALL IONOSU(' 2,KS )SHELLS 133
TWf) -ANINI! 300.,T-T )SH4ELL S 139

PSj l1 .132C56 SHLLS 142
DO I N=I,10 'SHELLS 141

INAP(N) SHELLS, 14?
BNSPECC,) =J' SN!)!) 

SHELL S 143r
ICONTINUE SH ELLS 14A

WRITEIS,11) J,HS,TS(J).A'SiJ),(ANSDEC(IN),N=1,1D' !a.L
11 FORMAT (IX,13 .1P E1O.3'.OPE6.1,1A11E10.3 ) SP L S

CU TO FAULITATE COMVPAING- OURQ ATNOPHERE WITH NOSE UED BY 94V S 143

CL3 OTHER WORKERS, THE FOLLOWING STATVEME!S (>On-L~r-?n§ A%' ~ 5. H 5,- 149
ELI ASSOCIA!EDO RINT) WERE ADDED TO. COMPUTE THEF WATER CONTEN' SYWL LS 1S'
C'L3 OF THE ATMOSDHERE ALONG A VEpTICA PATH ARIVE ER>M O'F THEý S" 1

CLJ SHEL L BOUNOAP I ES. THE WATER CONTENT ABOVE ?/TUNE'ADY J. * 9 Eý SE
CLI PRWATVIJ). IS EYPRESSED IN UNITS OF PRECIPITABLE CEN-IMETERS, 5.4 I32 35
CLI' I.E.. S)-F r ,
CUJ P CM(H2'01 3.34E.2?ý MOLECULES!'M-? .SHF-;S

CLI WE 4S:ýd;M5 AN ERPENEN[ AL flE N7.ENCESr rHE-,AEP C4CA

C, I CoNCENNqATION BEWWEEN THE NE
0
E AN' '4ENCT CALL FUNE'ION1) "WE' Lý 1

CL ACC~P' WI
T
H ITYRE = .SW r C

PRWATR(NS) - 0. 5w F L S iCQ

El 20 NS ,N + cS

DELPPW ACCLI" 2, HSHE-LL'' SHL(* I NPE',.
I ~XNSvEC!jI.1O1 HSHEýfL L ,HHL'.''W35? L1ý !,I

PRWAA(Ij~ PRWATR5.I-4- + DELPAW s)- IC F
20 CON'INL'E I.., ]A,

? 'ý I TAE (6 HSWELLKM, PRWArR!OT , J-145 I.)R11E? SPE c

RE CUJRNSKL I
CNZ C



SUBROUTINE SOLRAD(KB,E) 501PM) 2
CCC SOIRAI) 3
C SUBROUTINE SOLRAD PROVIDES THE SOLAR SPECTRAL IRRADJIANICE SDIAAD 4
C AT THE TOP OF THE EARTH'S ATMOSPHERE, IN THE SPECTRALL RANGE SOLPAD 5
C FROM 2 TO S MICROMETERS (OR 500 TO 2000 WAVENUMBERS). SOLRAD 6
C THE NASA DATA ADOPTED BY THE ASTh HAVE BEEN FITTED BY SOLRAD 7
C PIECEWISE-CONTINUOUS POWER-LAW EXPRESSIONS. 501PM) 8
CCC SOLRAD 9
C INPUT PARAMETERS 501PM) 10
C B - IdAVENLJEER (CM-i) .K-1,.23,4 S01PM) 11
C - WAVELENGTH (LIM) ,K=5,6,7,B SD1PM) 12
C K - INDEX SPECIFYING UNITS FOR INPUT AND OUTPUT 501PM) 13
C4t 501PM) 14
C OUTPUT PARAMTERS SOLPAD 15
C E - SOLAR SPECTRAL IRRAIANCE AT THE TOP OF THE EARTH'S SOLRAD 16
C ATMOSPHERE, IN UNITS OF ... SDLRAD 11
C PHOT0NS/(CK-*2 SEC CM-i) ,K=1,5 501PM) 18
C PIIOTONS/(Cr'*2 SEC UM) ,K-2.6 SOLRAD 19
C WATTS/(CM**2 CM-I) *K-3,7 501PM) 210
C WATTS/( R' t 2 UK K-4.8 SOLPAD 21
CrCC SDLPAD 22

DATA CH / 2."97925E+10, 6.626176E-27 f S01PM) 23
DATA E2P2,E2PS.E3P5.E4POE5PO / 79.0,35.0,14.6,93.SO3.79 1 501PM) 24
DATA C2P2,C2P9,C3PS,C4PO,CSPO 1 2.2,2.9,3.5,4.0,5.0 /SOLRAD 25
DATA FLAG / -2.0 /SOLPAD 2

ccc SOLRAD 27
IF( FLAG.GT.O.Q ) GO 'TO 20 SOLPAD 28
FLAG - '2.0 501PM) 29
HCIV -1.0E*071(H'C) 501PM) 30
A2P2 - ALOG(E2P9/E2P2)/ALOG(C2P9/C2P2) 501PM) 31
A2P9 -ALOGf E3PS/E2P9)/AkLOG,(C3P5IC2P9) 501PM) 32
4385 - ALOG(E4POIE3P5)/ALOG(C4PO/C3P5) 501PM) 33
A4PO - ALOG(ESPOIE4PO)IALOG(CSPO/CAPO) 501PM' 34

20 CONTINUE 501PM) 35
A -B 8 SLRAD 36
IF( A.LE.O.O ) GO TO 27 SJLPAO 37
1F( f(.LE.IJ) .OR. (K.Gf.8) ) GO TO 29 SOLPAD 38
I~( K.LT.5 ) A I 1.OE+04/A SOIRAD 39
IF( (A.IT.2.) OR8. (A.GT.5.) G) G TOl 27 501PM' 40
IF( A.GE.C40 ) GO TO 23 S01PM) 41
IF( A.GE.C385 )60 TO 22 ¶)1RAO 42
IF( AGE.C2P9 )GO TO 21 SO01P) 43
E - E2P2-(A/C?P2) -AZP2 501PM) 44
GO TO 24 %01PM) 4s

21 E - E2P'9*(A/C2P9)*AA2P9 501PM' 46
GO TO 24 501PM) 47

22 E - E3P5*(A/C3PS)-A3PS 501PM) 4?
GO TO 24 SOLRAD 4')

23 F - E4P0*(A/C4PO)"AePO SOLRAD 5n
24 IFf TK.EO.4) .OR. (K.EOE' I GO TO 23 SDLPAI) 51

1Ff (K.ET).3) .O8. (K.EOJ) ) GO TO 26 SOLPAD 5?
1Ff( .E? .0R. (K.:0.6) )GO TO 25 SOIPA!) 5-
E - 1.OE-12'i4CIV*E'A'A* SOLR&D 54
GO TO 28 501881'A 55'

25 E - 1.DE-OBECIV'E*A rf L P k) S6
GO TO 28 501RPM 57

26 E - 1.OE-O81F*VA 501881' 58



SOLRAD 59

28 RETURN 
SOLRAD 60

27 PRINT 31. A
31 FORMAT (82WHO SUROUTINE SOLRAD HAS BEEN CALLED WITH WAVELENGTH (OR SOLRAD 61

$ WAVENLUBER) OUT OF RANGE. ,fl?.4) 
SOLRAD 62
SOLRAD 63

CALL EXIT SOLRAD 64
29PRINT 33, KSLRD 

6

33 FORMAT (633,0 SUBROUTINE SOLRAD H"AS BEEN CALLED WITH IMPROPER VALUE SOLRAD 65
33 ORMT (iWOSOLRAD 66

$ FOR INDEX K.,I1O) 
SOLRAD 67

CALL EXIT 
SOLRAD 68

END

SORTLJ 2

SUBROUTINE SORTLJ( ABC.N.LOH I) SORTLJ 3
CCC 

TJ •

C GIVEN THE A ARPAY OF LENGTH N, THIS ROUTINE SORTS THE
C AP.RAY FRO14 LOW TO HIGH IF LOH .LE.O A14T FROM• HIGH TO LOW SORTLJ S

IF LOHI.GT.O .
SORTLJ 6

C THE B AND C ARRAYS ARE SiMPLY CARRIED ALONG. 
8

SOR TL 1 ,8

CCC SORTLJ 9
DIMENSION Afl), B(1), C(I) SORTLJ 90

CCC SORTLJ 11

"N N SORTL 12

20 Nm - M2 SORTLJ 13

IF( N.EQ.O ) Go TO 40 ;o93TLJ 14

K - N-- SoRTLJ 14

J = 1 SORTLJ 16

41 1 = J SORTLJ 17

49 L - I.N SORTLJ 17

IF( LOHI ) 50.50.52 SORTI7 19

C SROTL 3 10

C * * * SORT LOW TO HIGH. SORTLJ 21

50 IF( A(L).GE.A(1) ) GO TO 60 SORTLJ 21

GO TO 55 SORTLJ 22

C 
SORT-LJ 24

C * * SORT HIGH TO LOW. $C#TL3 25

52 1FfA(L).LE.A(I) ) GD TO 60 SORTLJ 25

55 X - A(l) SORTLJ 26

y - BM!) SORTL3 28

Z a CCI) SoMRTLl 2Q

A(l) - AC!) 59TIJ 30

V(11 - S(L) SORTLJ 31

C(l) - C(L) SORTLJ 3?

AM!) " I SORT!LJ 33

8(L) = Y SORTLJ 34

CML) * Z SORTLJ 35

I . I-M SOf'TLJ 36

IF( I.GE.I ) GO TO 49 9ORTLJ 37

60 J = 3+1 .ORTLJ 38

IF( J-K ) 41,41.20 SORT-LJ 39

40 RETURN 5ORTLJ 40

END
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SUBROUTINE STEP fRX, 34AT, 01ST, 4C, DS, XFRArE, INO! 1" PTE?

C *STEP- CALCULATIS THE INTERSECTIONS OF ANi OPTICAL. PATH WI'" STEP 4
C THE .INEARLY VAPfING SHELLS IN ýE ATMOSNEPl, IC DCEL. PA"H STEP
C ELEYE4TS LEES THAN TEN METERS IN LEGHAPE AES!GNEO STE'
C TO TH4E NEIGHB.3RINC, SHELL. S, EP
C STEP
CL 3 STEC' q
Cu INPUT PAPA.M TEEF STE!)
CLI ARG'.MEN, LI ST STEP
CLJ RX-) LOCA'ION VECTO)R TO ONE- ENU OF TVkN~l¶SI1N) DATH., SE'
CLJ TYPICALLY B'l' NO' NECESSARILY A' THE O$IFTCY.P Clo SfEP
CLj SHAT(I) UNIT VFCTOR ALONG THE TP&N91ISSION 

0
A`ýh cRprW qv TO 5'EP

CL RX, C K.
CLJ (FOR RX AN7 9AT! 1=1,3' S FEif
CUI DIEST = MAGNITUDE OF DISTANC"E ALON'G TPAN&VIESION PA'" STEP I'
CLI FPCM Ry TOiRN, CM, S'E,
CL~J N, = IN!TIA&IZATION VALUE. NORcmA&L-,' SET TOl C AN-~ t~LECSSI

CLJ TO 059)\ BEINJG SET To 0.0. STEP N
CLJ XVZCO

M Crmw.N 5' 4
CLI NE = NUM"B'R OF SHELL BOUNDARIES IN ANMOSPHEPIC STE v
CLJ TRANM;SSION MODEL STE D C

CLJ OUtTPULT PA.PAYETErqS STE' '
CUI APGlfMENr LIST S'EP 2r,
CLJ KC = NUMBRwQ; OF PATH- SEGMENTS PLUS ONE ON ThE S'Ec
CLO -%AN SM'SION PATH FRCW RN TO RI, OR EnUIvALFE-tY -c&vCP '

CLI THE NUMI~BER OF ENOlfPOINlS. SEN:
CLI' FOR 1=I,N.%C STEP
CLU 05:1*1) = LENýGtH OF LINE SEGMEN4T I ALONG ThNSS-fl
CLI1 PATH4, CMýS!
CLI Jt. IT IS ALWAYS TrUýE TH w '''< A"
CLI DEN+=) TERE ARE TWO "ORE VAL'!F nr ')c
CU' THA% THERE kPE SEGMEN'S)
CLI xFPACSL'-(SEP*' I N! 1 SUB!ROU.TiNE- ATMR4C' S
CLJ INX' INFE OF 'ýE1LL BNA4 LOJUTBEFOPE THE 5'
C-1 c'A;T OFP TH5 LIN SEj E :. N- N'! C-c'r

CUJ yNfy OF THE SHELL BLWýNDAPY v E al $'AFcQ TAE 'p5' TE
CLI ENOC v N'. EE' 3i
CLI 1#TE ... IsIN.C
CLI

DIMENSION OS'iT", '~AS1r ~l'V P ''94A-'3' '4
CC?-tMD.N ! !1ZCCA' / I7VE, LrA*E, NS, PE4L?1,T(1,STSII. S'PD

FACT STEP

D'A ERA? / 6.3' l;7O3EP 54
C ERAD =RVfPv W'HEN /CONCON% I1S A'OE? S'EP 4
C -'-E-
C DENQWINE INITIAL DIRECTION OF INEGPA-LIONA

A.RXKXT WE
T
I RX, SHAT ccE

IF I RXCOOT '2 * 2, 1 'P C

I SIGNl1. S-Fr

GO TO3S'Er' C(A

2 SIGN 1

C 77NTIAL12E COrY-!R"S AND OTHEIR .ALE 52



RXL - S(P1 RXZ S7EP SC
RKa lr)-?S!P 6'

1 NC .Eo. (I I DS!! a . STP A.
IF C G- .. -1 NNC C -1 2cc 62

30LI iT 1. STEP 63
SRAD R XI- 7. EP 64
S7 0 f, ,
IF C S . . 0 ý E * ' f

N ' N'ýN 1 ST E'r

C SAVE ANEVIOUS SHELL INOjEX -c 6.cG
4 NO{lt -N S*0 P CZO-

STEP TO NEXT SHELL ST EP 70
N N 4 IS STEP 7'.

!c$ rop P ATVVSO1FRE LIMAIT 3'Tcp

IF CN SOý. 0 OR. N .GT. NS GO To7 STEP ?I
c UnA-E SHELL RAOl1S STEC'

SPOLD - SRAD T 7

,RDvERAC\ # H~StIL IN' S'p 7F
IF ( SRAO .NE. SROL AFRC zPFA!( SRA, GROLD, SRAO, RYL I ST'EP 77
DISC = RKD

9  
X? -f G RAkfl2 ) TEP 78

C NE~rAIVE DTSCRIMINALNT IMPLIES W-1 INTEPSECTIONSFD 71

IF ( DISC ) 8. 5,~9f
S DREW =APAX1( SIGA*SQT1 DISC -RXKCKJT, C. 5TEW 9

DELTA DNEW - DCLD STEP 82
IF C DELTA - 1532 4. 4, 6 STEP S3

C UPDATE O)ISTkjNCE ANO STO~ INTEGRATION CELL INcOR*HA!r!N STEP
6 EX2LDI-DNEW ;D F

NC = N' + 1 sTCZ' 06

X FR AC S'(N%" 1 X
0

RAL STEP o

C STEPW r,.- TO ) TOPrC AYOCSDw:FE rr

IP N-! G.N5)NC iNC - 1 C

DS(fNt-' OF 'A IC'
TEST D'STANC^.E LIMI!r

IF ( D-7' GE. ONEW+1'.E3 ' ic NC- 9? 1 4, ID, 1M
D~sNC.'' = DS!Nc-t' q NEW - £S

C LAS- -EU ON rATH
7 RXL *S, R? - N!S-? + 2. *RXKX'l 0: ST '~

IF CN .E- 0 1l M * ERADL TD Q
NC = C 1I
IN'hnNC' !flX!MC-11 IS C7.~

X
0
R A,'SINC = RAC' SIRA SANS RlSAL '-

P ETUO
IFINM-GPA'ION 4AS BEEN DOWN, W'~ OU

* S!0%'. % 4,
9 ISISN 1. EC

SF' S l'-Or CwCc A AS Vt N'EGqA'2CN P:4 !EN' OlF :El

"N ~ l~rr- c-r0

IF OF" M? EY 4, 4,
C TIWOmNcI0 'O v-h HAS SEEN E'CEEEOE F-r--

10 I"1 QCC 1 Q *

N, CT' ''

IC S 'C

INDY' CC = ur: '



SUBOUTINE STEPS ( RX, RY. NC, OS, XERACS, INDX STEPS 2
C STEPS 3
C *STEPS* IS AN ENTRY TO *STEP* WHEN THE PATH IS DEFINED BY STEPS a
C 'ITS END POINTS. STEPS 5
C STEPS 6
CL.] STEPS 7
CL.] INPLT PWARAETERS STEPS 8
CLJ ARGUMENT LIST STEPS 9
CUJ RXWl - LOC`ATION VECTOR TO ONE END OF TRM94ISSION PATH. STEPS 110
CLJ TnP1CALLY BUT NOT NECESSARILY AT THE DETECTOR, CM STEPS 11i
CUJ RY(l) - LOCATION VECTOR TO ONE EM OF TRANSMISSION PATH, STE71S 12
CL.] TYPICALLY AT THE SCATTERING OR SOLRCE POINT, CM STEPS 133
CL.] (FOR RX AND) RY 1-1.3) STEPS 14
CUJ NC - INITIALIZATION VALUE. NORMALLY SET TM 0 AND LEADS STEPS 15
CUJ TO 05(1) BEING SET TO 0.0 IN SiBROUT14E STEP. STEPS 16
CL.] OUrTPUT P~ARAETERS STEPS 17
CUJ INTERNAL USE (FOR CALL TO SUBROUTINE STEP) STEPS 18
CL] SHAT(l) -UNIT VECTOR ALOING TRANSMISSION PATH FROM RY TO RX, STEPS 19
CLJ CM (1-1.3) STEPS 20
CL.] D0ST = MAGNITITAE OF DI STANCE ALONG TRM94MISSON PATH FROM STEPS 21
CUJ RY TO RX, C14 ST EPS 22
CL] ARGUMENT LIST STEPS 23
CL.] (FOLLOWING .)UARTITIES ARE OBTAINED BY A CALL TO STEP) STEPS 2

CL] NOXRCDDIO. (SEE *STEP- FOR DEFINITIONS) STEPS 25
CL.] STEP5 26

DIMENSION OS(100), 01RACS(100). INOX(100). SHAT(3). RX(3), RY(31) STEPS 27
C STEPS 28
C PATH4 SEGOENTS LESS THAN 10 METERS IN LENGTH APE NnT TREATM! AS STEOS ?a

C SEPARATE INTEGRATION STEPS. STEPS 30
c STEPS 31
CUJ STEPS 32
CUJ 94AT -VECTOR DIFFERENCE BETWEEN VECTORS RY ARD RX STEPS 33
CL.] DIST -MAGNI1TUDE OF VECTOR SHIAT STEP'S 34
CUJ STEPS 35

CALL SVBVEC f RY, RX. SHAT I STEPS 36
D1ST - SORT( DDT( SH4AT. SKAT 3)STEPS 37
IF ( DIST .LT. I.E3 ) RE-TURN STEPS 38

CLJ STEPS 3q
CUJ OBTAIN A UNIT VECTOR ALONG THE VECTOR 94AT ANt) CALL IT SHAT  STEP'S 40
CL.] STEPS 41

CALL UNITY (SHAT, SHAT 3STEPS 42
CALL STEP (RX, SliAT, DIST, NC, DS, XFRACS, INOXD3 STEPS 43
RE-TURN STEPS 4A
END STEPS 45

SUBROUiTINE SUBVEC ( V1, YY. DVIX SUSVEC ?
CUJ SUB VEC 3
CUJ SUBROUTINE SUBVEC RETURNS TME DIFFERENCE BETWEEN VECTOIRS VX 9IJBVEC 4
CL] AMD VY, I.E., OV-XY(I-3) VI(1-3) - VY(1-3). SugvErc 6
CL.] SUSIVEC 6

DIMENSION Y103), VY(3). DVXY(3) SUBVEC 7
Ckl-L Wl IN C OVXY, 1. *YX, -1. VY1 ) SUBEC 8
RETURN SJBVEC 9
END somEc I0
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SUBROUTINE SURRAD(IDETEC,MSM.DDSPCULR,IUP.JUP,KUP,LUP,ZLAM, SURRAD 2
S IFIRESRAD,UPS,UPPS.UCSUPCS) SURRAD 3

CCC SURRAD 4
C SUBROUTINE SURRAD PROVIDES (ESSENTIALLY), AT THE POINT P WMERE SURRAD 5
C THE OPTICAL LINE-OF-SIGHT FROM THE DETECTOR (WHICH IS SURRAD 6
C FICTITIOUS IN THE NBS MODULE) AT POINT v INTERSECTS THE SJRRAD 7
C EARTH'S SURFACE, THE UPWELLING RADIANCE DIRECTED TOWARD THE SURRAD 8
C DETECTOR. SURRAD PROVIDES TWO COMPONENTS OF THE RADIANCE... SURRArI 9
C (I) THERMALLY EMITTED AND (2) SOURCE (SUN OR FIREBALL) SURRAD I0
C REFLECTED. REFLECTED SKY RADIANCE IS NOT INCLUDED. STRICTLY, SURRAD 11
C THE SOURCE-REFLECTED COMPONENT IS ACTUALLY PROVIDED IN AN SURRAD 12
C 1MATTENUATED FORM TOGETHER WITH THE PATH PARAMETERS (AREAL SURRAD 13
C DENSITY U AND UP, WITH P THE PRESSURE), INTEGRATED ALONG THE SL'RRAD 14
C INCOMING PATH FROM THE SOURCE, REQUIRED AS INPUT TO A COMPU- SURRAD 15
C TATION OF THE MOLECULAR ABSORPTION OVER A TOTAL PATH. SURRAD 16
C Th4E AEROSOL TRANSMITTANCE ALONG THE INCOMING PATH FROM THE SURRAD 17
C SOURCE IS ALSO PROVIDED. SURRAD i8
CCC SURRAD 19
C THE STAT!STICAL CLOUD SUBMODEL HAS NOW BEEN INCLUDED. SURRAD 20
C SEE SUBROUTINE UPWELL FOR COMMENTS. SURRAD 21
C NOTE THAT THE INPUT PARAMETERS FOR POINT C IN POSITN COMMON SURRAD 22
C AND IKM IN UPWELS COMMON FACILITATE PROVIDING, AS SURRAD 23
C ADDITIONAL OUTPUTS FOR THE PATH FROM THE SUN TO POINT C AT SURRAD 24
C 12-KM ALTITUDE, THE PATH PARAMETERS UCS AND UPCS AND THE SURRAD C'S
C AEROSOL TRANSMITTANCE TASC(LUP). SURRAD 26
CCC SURRAD 27
C INPUT PARAMETERS SURRAD 28
C ARGUMENT LIST SURRAD 29
C IDETEC - FLAG FOR NATURE OF DETECTOR LOCATION SUIRRAD 30
C 1 1 IF DETECTOR IS AT A SATELLITE POSITION SURRAD 31
C (SATLAT,SATLON,SATALT) SPECIFIED IN SURRAD 32
C SATELL COMMON SURRAD 33
C - 2 IF DETECTOR IS AT A POSITION (DETLAT, SURRAD 34
C DETLON,DETALT) SPECIFIED IN TECTOR COMMON- SURRAD 35
C THIS LATTER OPTION IS USED WHEN SUBROUTINE SURRAD 36
C SURRAD IS CALLED FROM SUBROUTINE UPWELL. SURRAD 37
C MSM - INDEX FOR CATEGORY OF SURFACE MATERIAL (SEE SURRAD 38
C SUBROUTINE ESURF FOR DEFINITIONS) SURRAD 39
C DO - ADDITIONAL DESCRIPTOR FOR SELECTED SURFACE SURRAD 40
C MATERIAL (SEE SUBROUTINE ESURF FOR DEFINITIONS) SURRAD 41
C SPCULR - LOGICAL PARAMETER SURRAD 4?
C .TRUE. COMPUTE COORDINATES OF SPECULAR REFLECTION SURRAD 43
C POINT ON A SMOOTH HORIZONTAL WATER SURFACE SURRAD 44
C .FALSE. DO NOT COMPUTE COORdINATES OF SPECULAR SURRAD 45
C REFLECTION POINT SURRAD 46
C EACH OF THE FOLLOWING FOUR INDICES SHOULD BE SET TO SURRAD 47
C UNITY IN A CALL FROM ANY ROUTINE OTHER THAN SUBROUTINE SURRAD 48
C UPWELL. SURRAD 49
C IUP - ALTITUDE-LOOP INDEX IN SUBROUTINE UPWELL SURRAD SO
C JUP - NADIR-LOOP INDEX IN SUBROUTINE UPWELL SURRAD s1
C KUP - AZIMtUTH-LOOP INDEX IN SUBROUTINE UPWELL SURRAD 52
C LUP - WAVENUMBER-LOOP INDEX IN SUBROUTINE UPWELL SURRAD 53
C ZLAM -WAVELENGTH, MICROMETERS SURRAD 54
C IFIRES - FLAG FOR NUMBER OF FIREBALLS SURRAD 55
C - 0 IF NO FIREBALL IS TO BE INCLUDED SURRAD 56
C (AS IS THE CASE WHEN SUBROUTINE SURRAD IS SURRAD 57
C CALLED FROM SUBROUTINE UPWr.LL.) SURRAD SB

285



.GT. 0 IF IFIRvS FIREBALLS ARE TO BE INr 'IDFO SIIRRAD Sq

C WITH POSITION AND RADIANT INTENSIT SUPZýA,' 6'?
C SPECIFIED IN FIRRAL COMMlON SURRPD 61
C TECTOR COIAMON (USED WITH S1IRROUTINE UPWELL) StIRplD F,
c DEILAT -DETECTOR NORTH LATITUDE, RADIANS SURP * 6'?
C PETLON -DETECTOR EAST LONGITUDE. RADIANS SURRAD 64
C DETALT -DETECTOR ALTITUDE. KM SUIRRAl- F.cý
C FiRRAL COMMN (NUT USED WITH SUBROUTINE UPWELLI SURRAD 66
C FBILAT(T) - FIPREALL-I NIRTH LATITUDE, RADIANS SLU¶RR ALD 67
C FRLON(I) - FIlREALL-I EAST LONGITUDE, RADIANS SURRAD 6F
C FBALTII) - FIREBALL-I ALTITUDE, KM SURR AD 6q
C FBPINTII) - FIREBALL-I SPECTRAL RADIANT INTENSITY, SURPAD 70
C WATTS!(SR CM-i) SURRAD 71
C POSITN COMMOjN SIIRRAD 72
C POSLAT - NORTH LATITLIDE OF POINT P AT WHICH LINE-OF- SURRAD) 73
C SIGHT INTERSECTS EARTH'S SURFACE, RADIANS SUPRAD 74
C POSLON - EAST LONGITUDE OF POINT P AT WHICH LINE-OF- SU RPPA) 7F
C SIGHT INTERSECTS EARTH'S SURFACE, RADIANS SUR ACl) 76
C PCISALT - ALTITUDE OF POINT P AT WH ICH LINE-OF-SIGHT S'IRPRA 7?
C INTERSECTS EARTH'S SURFACE, KM SURRAD 7S
C C1?LAT - NORTH LATITUDE OF POINT C AT WHICH LINE-OF- SURRAD 7q
C SIGHT INTCRSECTS THE 12-KM ALTITUDE SURFACE, SURRAD SO1
C RADIANS SURRAP 81
C C12LON - EAST LONGITUDE OF POINT C AT WHICH LINE-OF- SURRAD B?
C SIGHT INTERSECTS THE 12-KM ALTITUDE SURFA.CE, SlIRRAD 83
C R ADI AN S SURRAD 84
C C12ALT - ALTITUDE OF POINT C AT WHICH LINE-OF-SIGHT SURPAD 86
C INTERSECTSý 12-KM A' TYTI.ID' S IIRFArF- KM .*tIf Qr

c NMELL COMMON nr13 USED WITH SUBROUTINE UPWELL) SURR AD FS
c SATILAT - SATE LITE NORTH LATITUDE, RADIANS SURRAD 89
C SATLON - SATELLITE EAST LONGITUDE, RADIANS SUIRRAD 89
C SATALT - SATELLITE ALTITUDE, KM SUIPRA, RD
C SDLARP COMMON SUQ

0
AD) Q.

C SOLLAT - SUBSOLAR POINT NORTH LATITUDE, RADIANS S"PQAD 9?
C SOLLON - SUBSOLAR POINT EAST LONGITUDE. QADIANS SUPRAD 9?l
C SOURCE COMMON SIPQ AD 94
C THE VARIABLES IN THIS COWON ARE RETURNED FROM A CALL TO SýIQQ*A 95
C SUBROUTINE RINCUT. CURRENTLY (APRIL 1980) ONLY THE SUN SURRAD) 96
C IS USED AS A SOURCE FOR SUBROUTINE SURRAD. FIREBALLS StIRPAD 9?
C ARE NEVER USED IN THE CALL TO SUBROUTINE SURRAD FROM SURRA'? Q9

CSUBROUTINE UPWELL. SURRADl 99

c SPCZEN(1) - ZENITH ANGLE Or RAY INCOMING TO POINT P FROM SURRAD 101
.- THE SUN, RADIANS SU0RAD In-

C SRCZEN(L+1l, L=I.IFIRES (NOT USED WITH SUB. UPWELL) SLINNAD 5931'-
C - ZENITH ANGLE OF RAY INCOMING TO POINT P FROM SURRAD I r

C FIREBALL-L, RADIANS SUPRAC I 10;
C TE CSR(LT1), L=1IFIRES (NOT USED WITH SUB. UPWELLL) S9IIRAD 10'

C SLANT RANGE FROM FIREBALLL TO POINT P, KM SUPRA, 10
C UPWELS COMMON SURRAD 6E"
C NWAVET BANDO) SULIPAD 10

C - NUMBER OF WAVENUMPERS AT WHICH THE UPWELLING SURRAD 1In

C SPECTRAL RADIANCE IS TO BE COMPUTED FOR SURRAD II1
C BROAD-BAND LOOP-INE X JBANDR SURPAD 6I I

C IDAYV - INDEX FOR DAYLIGHT CONDITION AT SUB-V-POINT SURRAD 113

C 0 IF SOLAR ZENITH ANGLE GT. 90 DEGREES SUPRAD 114
C - I IF SOLAR ZENITH ANGLE LAE. 90 DEGREES SURTAF 116
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C IKM - INDEX FOR NUMBER OF ALTITUDES AT WHICH SURRAD 116
C CALCULATIONS ARE MADE WHEN CLOUDS ARE INCLUDED. SURRAD 117
C (SET IN SUBROUTINE UPWELLI SURRAD 11I8R
C XYZCOM COININ SURRAD 119
C NS - NUMBER OF BOUNDARY ALTITUDES USED IN SURRAD 120
C SUBROUTINE SHELLS SURRAD I?1
C DATA STATEMENT SURRAD I??
C NSPECS - NUMBER OF SPECIES IN MOLECULAR TRANSMITTANCE SuRRAD 1??
C MODEL SURRAD 124
C NTEMP - NUMBER OF TEMPERATURE BINS IN MOLFECULAR SURRAD 125
C TRANSMITTANCE MODEL SURRAD 126
CCC SURRAD 127
C OUTPUT PARAMETERS SURRAD 128
C ARGUMENT LIST SURRAD 129
C RAD(11 - RADIANCE EMITTED FROM POINT P TOWARD DETECTOR, SURRAD 130
C WATTS/(CM**2 SR CM-I) SURRAD 131
C RAD(2) - RADIANCE OF SOLAR REFLECTED RADIATION (WITH SURRAD 132
C INCOMING RAY UNATTENUATFD), Wf(CM*-2 SR CM-i) SURRAD 133
C RAD(L+2), L=I,IFIRES (NOT USED WITH SUBROUTINE IIPWFLL) SURRAD 134
C - RADIANCE OF FIREBALL-L RADIATION RERLECTED SURRAD 135
C TOWARD DETECTOR (WITH INCOMING RAY UNATTEN- SURRAD 136,
C UATED), WATTS/(CM**? SR CM-1) SURRAD 137
C UPS(I,N,I) - AREAL DENSITY FOR TEMPERATURE I AND SPECIES SURRAD 13S
C N ALONG INCOMING SOLAR PATH TO POINT ON SIJRRAD 139
C EARTH'S SURFACE, CM AT STP SURRAD 140
C (COMPUTED ONLY FOR LUP=I) SURRAD 141
C UPS(I,N,L+I), L=I,IFIRES (NOT USED IN NBR MODULE) SURRAT) 14?
C - AREAL DENSITY FOR TEMPERATURE I AND SPECIES N SURRAD 142

ALONG PATH FROM FIREBALL-L TO POINT P ON SURRAD 14,4

C EARTH'S SURFACE, CM AT STP SURRAD 145
C (COMPUTED DNLY FOR LUP=I SURRPAD 146
"C UPPS(IN,I) - PATH PARAMETER UP (PRODUCT OF U AND SUIRRAD 147
C PRESSURE P) FOR TEMPERATURE I AND SPECIES SUPPAD I48
C N ALONG INCOMING SOLAR PATH TO POINT P ON SURPAD 149
C EARTH'S SURFACE, ATMhCM AT STP SURRAD 150
C (COMPUTED ONLY FOR LUP=1) SIIRPATD 151
c UPPS(I,N,L+11, t=1,IFIRES (NOT USED IN NBR MODULE) S IIPAD T15?
C - PATH PARAMETER UP (PRODUCT OF U AND PRESSURE P) SURRAD 153
C FOR TEMPERATURE I AND SPECIES N ALONG PATH FRO

TM SURPAD 154
C FIREBALL-L TO POINT P ON EARTH'S SURFACE, SURRAD; 155
C ATM-CM AT SIP SLUP rAD 15.
C (COMPUTED ONLY FOR LUP=I• su RR"D *57
C UCSI,N). - SIMILAR TO UPS(I,N,I) AND UPPSVI,NI) SURRAD ISp
C UPCS(IN) EXCEPT POINT P IS REPLACED BY POINT C. S¶IPPAD S1Q
C AIRSOL CDMMUN SURRAD 160
C TASP(LUP) LUP=:,NWAVE(JBANDi SURRAD 16i
C - AEROSOL TRANSMITTANCE FOR INCOMING SOLAR RAY TO SURPAP 16?
C POINT P ON GROUND. SURRAD IF3
C TASCNLUP) LUPr1,NWAVE(JBAND) SURPAD 164
C - AEROSOL TRANSMITTANCE FOR INCOMING Sn1 •4 Pay Yn SIIDAfl 1Pr
C POINI C AT 12-KM ALTITUDE. SURPAD 166
C TAFPIL) - AEROSOL TRANSMITTANCE FOR INCOMING RAY FROM SURP AD 16'

C FIREBALL-L TO POINT P ON GROUND SURRADq 165
C SOLARP COMMN SURQPO AD I
C SOLIRR(K) K=I.NWAVE(JBAND) SLIRRAD 170
C - SOLAR SPECTRAL IRRAnIANCE AT THE TOP OF THE S"1APAD 171

C EARTH'S ATMOSPHERE AT WAVENUMBER-IND"X K SUpRlA i7?
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C WATTS /(CM"2 CM-i SLIPPAD 173
ccc SURRAD 174

DIMENSION RF(3),RP(3),RC(3),RS(3),PtNCK(IO) SURRADi 175
DIMENSION OO(7),RAD(12),UPS(1O,1O,11'),UPPS(IO1O.,011), SURRAD 176
s UCS(10,1O) ,UPCS(10,10) SURRAD 177
DIMENSION DS(100),XFRkCS(100),INOX(IOO) SURRAD 178
COI9ONfAIRSOL/ TASP(1O),TASC(1O),TFP 10) AIRSOL 2
COWVON/FIRBAL/ FBLAT(1O),FBLON(1O).FBALT(1D).FBRINT(1O) FIRBAL 2
COVMN/POSI TN/ PO SLAT, PO SLON, PO SAL7, SPCLAT, SPCLON POS!TN 2

s ,C12LAT,ClŽLON,Ci2ALT POSITN 3
CO!940N/SATELL/ SATLAT,SATLONSATALTSATZEMSATAZI SMTELL 2
COP'SJN/SOLARP/ SOLLAT, SOLLON, SalIRR (10) S0LARP 2
GOI4ON/SOURCE/ SRCLATSRCLON,SRCALT,SRCFLGSRCZEN(11),SRCSP( 11) SOURCE 2
WOMMN/TECTOR/ DERLATDETLON,DETALT,UETZEN,DETAZI(11) TECTOR 2
C0ICON/UPWELSI UPWAL-TUPWLON,UPWLAT,NALT(5),ZKM(13,5),NNAOIR.NAZI, UPWELS 2

* WAVE(5),IDAYV,CLE*LGUPRiAD#4(13,1O,5),WV(10,5),IKM, UPWELS 3
*NBANDS URWELS 4

COMMN/UPWELS1/ UPWELS 5
2 R010(6,1O),RO1OA(6,1O,1O),ROION(6,1O), UPWELS 6
3 R025(6,10),Ro2SA(6.1O,1O),R025N(6,10), UPWELS 7
4 RO5O(6.1O).RO5OA(6,10.1O),R050*i(6,1O), UPUELS B
5 RO9Q(6,1O),RO9OA(6.10,IO),RO9ON(6,1O), UPWELS 9
6 R100(6,1O).R100A(6,10,1O),R100N(6,iO) UPWELS 10
7 ,ARCVA(6,IO,1O),ARCVN[6.IO) UPWELS I!

COWCON/UPWELSZI/ JOANDI KYZCOM 2
CD!9VN/UPWELS3/ UPRAD(6,lO),UPRADA(13,1O,1O) XYZCOM 3
COMMON/ XYZCON/ ITM4TELThTENS,HSHELL(B1).TPX(81.12), XYZCOM 4
1 U(1O,10.2),UP(1O,10,2),NICILS,FACT XYZCDM 5
LOGICAL FIRSTSPCULRESURF1 SURRAD 188
DATA RSUM / 1.495979E+08 ISLRRAD 189
DATA NSPECSNTEMP / 10,10 /SURRAD 190

ýCSUPRAD 191
cc SUBROUTINE SURRAD IS CALLED FROM SUBROUTINE UPWELL FOR ALL SURRAE) 192
cc VALUES OF IJ,K,L. HOWEVER.-SWITCHES ELIMINATE REDUNDANT SURRAD 193
cc CALCULATIOrS. FOR EXAMPLE, SURRAD 194
cc * CALL TO FUNCTION PLANCK DEPENDS ONLY ON 1. SURRAD 195
cc * CALL TO SUBROUTINE SOIRAD DEPENDS ONLY ON L. SURRAD 196
cc * PATH PARAMETERS FOR PATH PPON POINT P TO SUN ARE SURRAD lq7
cc INDEPENDENT OF L AND ARE ASSUMED (TO A GOOD APPROXIMATION) SURRAD 198
cc TO BE INDEPENDENT OF I,J,K. SURRAD 199
Cc LIKEWISE FOR POINT C, EXCEPT THAT ITS ALTITUDE IS NOT 0.0 SURRAD 200
cc BUT 12 KM. SURRAD 201
cc * AEROSOL TRANSMITTANCE FROM POINT P TO SUN DEPENDS ONLY ON L SURRAD 202
cc AND THE (ASSUMED) SINGLE PATH. SURRAD 20?
cc * AEROSOL TRANSMITTANCE FROM POINT C TO SUN DEPENDS ONLY ON L SURRAD 204
cc AND THE (ASSUMED) SINGLE PATH. SURRAD 205
cc SURRAD 206

IF( LUP.GT.I ) GO TO 5 SURRAD 207
cc SURRAD 208
cc DETERMINE WHETHER DETECTOR IS IN SATELLITE SPECIFIED IN SURRAD 209
cc SATELL COPV4A. IDETEC-2 WHEN SUBROUTINE UPWELL CALLS SURRAD 210
cc SUBROUTINE SURRAD. SURRAD 211

IF( IDETEC.EO.2 ) GO TO 1 SURRAD 212
cc SURRAD 213
cc DETECTOR IS AT SATELLITE, SO RESET DETECTOR LOCATION. SURRAD 214

DETLAT - SATLAT SURRAD 215
DE rLDN =SATLON! ELRRAD 216



DETALT = SATALT SURRAD 217
CC FIRST. CONSIDER ONLY THE SUN AS A SOURCE AND ALSO GET DETECTOR SURRAD 218
CC ZENITH AND (IF MSN.GT.2 AND IDAY=1) AZIMUTH ANGLES FOR SUN SURRAD 219
CC AS SOURCE SURRAD 220
CC SURRAD 221

1 CALL RINOUT(MSM, 0 ,IDAY) SURRAD 222
CC SURRAD 223
CC NOW HAVE IDAY AT POINT P, DET!EN, (IF IDAY-1) SRCZEN(1), AND SURRAD 224
CC (IF IDAY-1 AND MSM.GT.2) DETAZI(1). SURRAD 225
CC SURRAD 226
CC THE COMPLICATIONS RESULTING FROM THE SOLAR TERMINATOR BEING SURRAD 227
CC VISIBLE FROM POINT V ARE NOT HANDLED IN A COMPLETELY SURRAD 2?8
CC CONSISTENT WAY. IF SUBPOINT V' IS IN DAYLIGHT (IDAYV=1), THE SURRAD 229
CC DIURNAL CONDITION AT EACH POINT P (AS INDICATED BY INDEX IDAY) SURRAD 230
CC IS RECOGNIZED, BUT IF SUBOINT V' IS IN DARKNESS (IDAYV=O), SURRAD 231
CC THEN DARKNESS IS IMPOSED ON ALL POINTS P BY SETTING IDAY=O. SURRAD 232
CC SIRRAD 233

IF( IDAYV.EQ.O ) IDAY = 0 SURRAD 234
CC SURRAD 235
CC IFIRES-D WHEN SUBROUTINE UPWELL CALLS SUBROUTINE SURRAD. SURRAD 230

IF( IFIRES.GT.O ) CALL RINOUT(MSI',IFIRESIDAY) SURRAD 237
CC NOW HAVE ZENITH ANGLES SRCZEN(L+1) AND SLANT RANGES SRCSR(L+I) SURRAD 238
CC OF FIREBALL-L (L=I.IFIRES) AND DETECTOR AZIMUTHS DETAZI(L'I). SURRAD 239
CC SURRAD 240
CC SET PARAMETERS TO CALL ESURF FOR SUN AS SOURCE. SURRAD 241

THI - -1.0 SURRAD 242
PSI - -1.0 SURRAD 243
IF( IOAY.EO.1 ) THI - SRCZEN(1) SURRAD 244
IF( (IDAY.EQ.I) .AND. (MSM.GT.2) ) PSI - DETAZI(1) SURRAD 245
THR - DETZEN SURRAD 246
HHH = POSALT SULRRAD 247

5 CONTINUE SURRAD 248
CC CALL ESURF WITH ESURF1 SET TO .TRUE. SINCE WE WANT ALL THREE SURRAD 249
CC OUTPUTS (SFR, EPSD, TKS). NOTE TIhAT EVERY CALL TO ESURF FROM SURRAD 250
CC SURRAD (WITHIN NBR MODULE) OUALIFIES AS A FIRST CALL. SURRAD 251

ESURF1 = .TRUE. SURRAD 252
CALL ESURF(THI.THRPSIHHH,MSMOD,SPCILR,ZLAM.IDAY.IFIRES.ESURF1. SURRAD 253
£ SFREPSO,TKS) SURRAD 254

CC SURRAD 25S
CC BYPASS PRINT OF [PSI AND TKS UNLESS INDICES I, J, K, AND L IN SURRAD 256
XC SUBROUTINE UIWELL (kNOWN HERE AS IUP, JUP. KUP, AND LUP) HAVE SURRAD 257
CC VALUES OF UN:TY. HOWEVER, WE AND THE CODE RECOGNIZE THE FACT SURRAD 258
CC THAT WHEREAS T"KS DEPENDS ONLY ON THE SURFACE ALTITUDE, EPSO SURRAD 259
CC DEPENDS ON ANGLE AND WAVELENGTH. SURRAD 26n
CC SURRAD 261

lIK - IUP * JUP + KUP SURRAD 262
IJKL - IJK + LUP SURRAD 263

CC WE AVOID USING THE QUANTITY (IKM+JUP+KUP+LUP) BECAUSE THE SURRAD 264
CC MINIMUM VALUE OF IKM IS 0. THEREFORE, SE USE..- SURRAD 265

,K - JUP Y .UP SURRAD 266
,(L ,K - , LUP SURRAD 267
IF( IJKL .EO. 4 ) WRITE(5,111) EPSDTKS SURRAD 268

Ill FORMAT(1HO,SX,* EPSD. TKS - * 1P2El4.6,* (FROM SUBROUTINE SURRAD SURRAD 269
S, FORMAT 111)*) SURRAD 270

CC SURRAD 271
CC NOW HAVE EPSD, TIKS, AND (IF IDAY-1) SAR. SURRAD 272
CC ALSO, IF IDAY-i. MSM-2, AND SPCULR-.TRUE., WE HAVE (THROUGH SURRAD 273
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CC POSITN COMMON) THE COOR[IyATES rSPCLAT.SPCLON) OF THE SOLAR SURRAD ?74
CC SPECULAR REFLECTION POIN. ON A SMOOTH HORIZONTAL WATER SURFACE SURRAD 275
CC COMPUTED IN C-LITTR. TO FACITATE PRESEDVYNC THESE COORD!NATES, SURRAD 276
CC DEFINE NEW VARIABLES- SURRAD 277
CC SURRAD 279

SSPLAT = SPCLAT SURRAD 279
SSPLON = SPCLON SURAD 2810

CC IF THESE COORDINATES PROVE TO BE OF INTERE'c, ALDITIONAL SU'RRpA 281
CC PRESERVING VARIABLES WILL BE NEEDED AS SUBkOUTINE UPWELL FlUR4,eD 282
CC LOOPS OVER ALTITUDES. _"PRAD 283
CC SURRAD 284
cc BYPASS CALL TO FUNCTION PLANCK UNLESS INDICES 1,3. AND K IN SURRAD 285
CC SUBROUTINE UPWELL (KNOWN HERE AS IUP,JUP, AND KUP) HAVE SURRAD 286
CC VALUFS OF UNITY. SURRAD 287

IF( IJK.GT.3 ) GO TO 10 SURRAD 288
W = 1.0E+04/2LAM SURRAD 289
PLNCK(LUP) - PLANCK(TKSW) SURRAD 290

10 CONTINUE SURRAD 291
RAD(1) - EPSD * PLNCK(LUP) SURRAD 292

CC NOW HAVE EMITTED SPECTRAL RADIANCE, RAD(1). SURRAD 293
CC SURRAD 294

RAO(2)= 0.0 SURRAD 296
IF( IDAYV EQ. 0 ' GO TO 50 SURRAD 296

CC SURRAD 297
CC ASSUME PATH PARAMETERS FROM POINT P TO THE SUN ARE EFFECTIVELY SURRAD 29P
CC INDEPENDENT OF THE POINT P LOCATION ON THE SURFACE. THUS, SURRAD 299
CC BYPASS ZEROING PATH PARAMETERS HERE, AND THEIR COMPUTATION SURRAD 300
CC LATER, UNLESS IUP=JUP-KUP=LUP=1. SURRAD 301

IF( IJKL.GT.4 ) GO TO 21 SURRAD 30?
DO 20 N=I,NSPECS SURRAD 303
DO 20 I=INTEMP SURRAD 304
U PS(I,N,1) n 0.0 SURRAD 305
UPPS(IN,1) " 0.0 SURRAD 30r6

20 CONTINUE SJRRAD 3D7
21 CONTINUE JURRAD 308

cc SUPRAD 309
CC ALSO ASSUME PATH PARAMETERS FROM POINT C TO THE SUN ARE SURRAD 310
CC EFFECTIVELY INDEPENDENT Or THE POINT-C LOCATION ON THE 1?-KM SURRAD 311
CC ALTITUDE SURFACE. THUS BYPASS ZEROING PATH PARAMETERS HERE, S'RRAD 312
CC AND THEIR COMPUTATION LATER, UNLESS IKM=JUP=KUP=LUP=1 . SURRAD 313

IF( ( IKM .NE. I ) .OR. ( .KL .GT. 3 ) GO TO 23 SURRAD 314
DO 22 N=I,NSPECS SURRAD 315
DO 22 I=I,NTEMP SUPRAD 316
U CS(I,N) - O.0 SURRAD 317
UPCS(I,N) - 0.0 SUPRAD 31P

22 CONTINUE SURRAD 31Q
23 CONTINUE SURRAD 3?0

CC SURRRAD 321
CC IF SUN IS PRESENT, GET THE SOLAR SPECTRAL IRRADIANCE SURRAD 3?2
cc E (WI(CMn2 CM-I)) AT THE TOP OF THE ATMOSPHERE. SURRAD 323

- CC BYPASS CALL TO SUBROUTINE SOLRAD UNLESS IUP=JUP-KUP=I. SURRAD 324
IF( IJK.G.T.3 ) GO TO 25 SURAD 3?5
CALL SOLRAD(3,W,Ej SURRAD 326

SOLIRR(LUP) ý E SURPAD 3?"
NWAVEJ = NWAVE(JBANDI) SURRAD 327
IF( LUP .EO. NWAVE3 ) WRITE(6,125) (SO IRR(LD),LP=I,NWAVEi, SURRAP 329

125 FORMAT (IH,4028X,7714* SOLAR SPECTRAL IPRAD;ANCE 501 IRR!1 (L=I SURRAP 330
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$,NWAvFJ), W/(CN--? CM-i) * /48X,
t
!FRO0M SUBRDAJTINE SURRAD, FORMA SLTRRAO 33!

ST 125)1J2X,IM-OEIZ.4)) SURPAS 33?
25 CONTINUE SUPPAD 333

cc SUiRRAD 334
cc COMPUTE SPECTRAL RADTANCE OF (UNA7TENUATTO) DIRECT SOLAR SURRAD 335
cc RADIATION REFLECTED FROM EARTH SURFACE AT POINT P TOWARDS SUR RAl) 336
cc POINT V. SURPAD 33?

RAD)?) = SPR * SCLIRR)LUF') * COS!TH!) SUR RA r 335.
cc SURRAD 319

IF( IJKL .GT. 4 ) GO TO 27 SURRAD 340
cc SLIRRAD) 34*
cc PREPARE TO GET PATH PARPAMETERS FOR PATH FROY. POINT P TO SUN, SURRAD 34?
LC WHICH CARRIES THROUGH TO STATEMENT LABEL 41. SURPAD 343
cc SURRAD 344
rC OBTAIN EARTHI-CENTERED CARTESIAN COORDINATES OF POINT P. SURRAD 345

CALL GEOXYZ(POSALT.POSLAT.POSLONRP(l),RP(?),RP(3)) SURRAD 345
CALL VLIN(RPJ.D.E+OS.RP,O.O,O.Oj SURRAD 34?

cc SURRAD 34s
cc NEED TO DETERMINE LOCATION OF SUN. SURRAD 349,

CALL GEOXYVIRSUN,SOLLAT.SOLLDN.RS(1),RSIV),RS(3)) SLIRRAD 350'
CALL VLIN'ftS,1.OE+O6.RSO.O'O.O) SURRAD 361

cc HAVE NOW DE-TERMINE) RP AND RS. SURPAD 35?
cc SURRAD 353

cc INITIALIZE NC SO THAT D5(1) WILL BE SET TO 0.0 IN SUBROUTINE SURRAD 354-
cc STEP. SUR P AD 355

NC z0 SURRAP 356
CALL STEPS( RP,RS.NC,DS.KFRACS,!NDX 3S'JRRAD 357

cc NOW HAVE NC, OS. IFRACS, AND INDI FOR PATH FROM S TO P. SUJRRAD 358,
cc SIJRPAO 359
cc INITIALIZE LO;GICAL VARIABLE, FIRST, IN PREPAPATION FOR FIRS

T  
SURP AD 3 60

cc CALL TO SUBROUTINE PATH. SUR 740 36!
FIRST =.TRUE. SUR R A 36?;

2? CONTINUE SURPAD 363
1C SIR R AD 14;

lF( 1.3K .G7, 3 ) GO TO 31 SURRAD -165
cc BEFORE STARTING 00-30 LOOP, OBTAIN THE AEROSJL EXTINCTION SURP~AD ]66
cc COEFFICIENT AT THE INITIALL ENDPOINT OF THE PATH. SUR RAD 36'

TASP(LUP) -3.0 SURAD 365
Li INOXI) S L2 = INDE)?) SUR PAD 359
HSP = FRACS(1) * HSHELL(L1) + (1.-XFRACS(1)) * HSHELL(L2) SURRAID 3709
CALL AEROSOIL ( HSP,ZLAM,XKSCT,XKABS,GBAR )SUR RAD 371
XKEITP = XKSCT + XKARS SURPAD 37?
DO 30 J=1,NC SURRAD 373

cc ON THE PASS FOR WHICH 3=NC, OSINC*i) WILL BE -1.0, INDICATING SURRAD 374
cc T1HAT TH4E LAST SEGMENT HAS bCEN PROCESSED. (THE LOOP COULD SUPRAD 2's
cc HAVE BEEN FROM X= TO J=NC-1 AND THE FOLLOWING TEST SURRAD 376
cc ELIMINATED.) SUPRAD 3''

IF( OS)3+1).LT.O.O ) 60 TO 30 S!JRRA!) 375
IF( IJKL JEO. A CALL PATH) FIRSTINOX(J),DS)J.1).XFRACSf3) I SURRAD 379
LI INOX( J ) L ? -INOX(J.1) SURPRO 33fl
HSO t XFRACS(J+1) HSHELL(L2) + (1.-XFHACS(J.1)) * HIHELL(Il) SaIRRAD 39!
CALL AEROSOL (HSQ,ZLAE,XKSCT.XKABSGBAR SIJRRAO) 3n;
XXEXTO XKIKUCT + XKABS SUJRRA' 3C33
XKEXT= ACCLP4( 2.,C..DSIJ+13,XKEX¶P,XKEXTO,O.,OS(3.I) 3IDS(J'+I3 SITPRAD 3 p
TASR(LUP) =TASRILUP) - ExP) =XKEXT-DSt.Jl) ISLRRAD 3S;
XKEXTP - XKEXTO SUTQPAO 3"ý

30 CONTINUE SURRAD ?F7
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31 CONTINUE SURRAD 388
cc NOW HAVE PATH PARAI(TERS U AND UP FOR SOLAR RAY TO POINT P. SIJRRAD 389
cc SINCE THESE PATH PARAMETERS ARE INDEPENDENT OF WAVELENGTH, SIPRRAD 390
cc THEY NEED OE COMPUTED ONLY ONCE. SURRAD 391
cc ALSO HAVE AEROSOL TRANESMITTANCE, TASP(LUP), FOR SOLAR RAY TO SIRRAD 392
cc POINT P, WHICH IS WAVELENGTH DEPENDENT. SIWRAD 393

IF( IJXL G. 14 ) 6010O41 SURRAD 394
cc REDEFINE VARIABLES. SURRAD) 395

DO 40 N=1,NSPECS SURRAD 396
00 40 IzI.NTEI9 SURRAD 397
u PS(I,N,1) - LI (I.w,2) SURRAD 398
UPPS(IN,1) -UP(I.N,2) SURRAD 399

40 CONTINUE SIPRAD 400
IWITE(6,140) SLJRRAD 401

140 FORMAT (1HO.44X.43N* . . PATH PARAMETERS, POINT P TO SUN -/ *46X SLMRAD 402
$.*(FROM SUBROUTINE SlJRRAD. FORMATS 140,142)*/ZXaTEAPERATURE/SPECI SuRRAD 403
SES. ((UPS(M.N.1),N=1,NSPECS),N-1,2)*) SURRAD 404
IRITE(6,141) ((M, (U PS(M.N.1).N=1.NSPECS)).Mrl,2) SURRAD 405

141 FORMAT (2X,13,lP1OE12.4) SURRAD 406
WINTE(6,142) SUARAD 407

142 FORMAT (1Ho.1X,*TEMPERATI.EE/SPECIES. ((UPPS(MN,N,),N=1,NSPECS).N=1 SI.MRAD 408
S,2)*) SIJIRAD 409
bQITF(6,141) ((N. (UPPS(N.N,1).Nxl..NSPECS)).Ms1,2) SIRRAD 410

41 CONTINUE SIJARAD 411
cc SUMRAO 412
cc SURRAD 413
cc PARAME4ERS FOR PATH FROM S TO C NEED BE DONE ONLY ONCE. SURRAO 414

IF( ( 1KM .NE. 1 ) .OR. I' .61G. 2 ))GO TO SO &JRRAD 415
IF( LUP .6T. 1 ) GO TO 42 S*JRRAD 416

cc SURRAD 417
cc PREPARE TO GET PATH PARAMETERS FO3R PATH FROM POINT C TO SUN. SURRAD 418
cc SURRAD 419
cc OBTAIN EARTH-CENTERED CARTESIAN COORDINATES OF POINT C. StM1RAD 420

CALL GEOEYZ(C12ALTC12LAT.C12LON,RCC1),RC(2),RC(3)) SIJRRAD 421
CALL VLIN(RC,1.0E405,RC,0.O..O.) SURRAD 422

cc SURRAD 423
NC * 0 SURRAD 424
CALL STEPS( RC.RS,N#COS,KFR.ACSINOX )SJRRAD 425

cc NOW HAVE KC. DS. KFRACS, AND INOX FOR PATH FROM S TO C. SIRRAD 426
FIRST - .TRUE. SURRAD 427

4i CONTIN4UE SURRA1J 428
cc SIUiRAD 429

TASC(LUP) - 1.0 S"RAD) 430
11 INOX(1I S L2 - INOX(2) SbRRAD 431
HSP *XFRACS(1) - SHSIELL(Ll) + (1.-XFRACS(1)) * HSHELL(LZ) SUIR RAD 432
CALL AEROSOL ( HSP.ZLAN,XKSCTXKABS.GBAfl SUPRAD 433
XKEXTP - XKSCT 4 IKASS SURRAZI 434
DO 44 J-1,NC SURRAD 435
IF( D5(0+1) .LT. 0.0 ) GO TO 44 SUPRAD 436
IF( LUP .EQ. I ) CAL PATH( FIRST.INDX(J),DS(.fr1),KFRACS(3)) SURRAD 437
11 - INDX( 03 ) 1 1.2 - INDX(J&1) SURRAD 438
HSQ -XFRACS(3a1) * HSHELL(12) + (1..KFRACS(J+I)) * HSHELL(LI) SIJRRAD 439
CAZL AEROSOL ( HSOZLAMXKSCT,XKAZS,GBAR )SURRAD 440
XKEITO - EKSCT 4 IKABS SLJRRAD 441
XKEET - ACCUM( 2,0..DS(J+1),XKEETP.IKEXTO,O..OS(0t1) 3 I O(J.1) SIRRAD 442
TASC(LUP) - TASCILUP) * EXP( -KKEXT*DS(341) )SURRAD 443
EKEXTP * XKEXTO SUSRAD 444
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44 CONTINUC EL1• R AP 445
CC NOW HAVE PATH PARAMETERS U AND UP FOR SOLAR PAY TC POINT C. S&JRRAD ;46
CC SINCE THESE PATH PARAMETERS ARE INDEPENDENT OF WAVELENGTH, SURRAO 447
cc THEY NEED BE COMPUTED ONLY ONCE. SU.RAD 448
CC ALSO HAVE ,;ERO.,. TRANSMITTANCE, TASCRLUP), FOR SOLAR RAY TO SlRRAD "49
CC POINT C, WHICH iS WAVELENGTH DEPENDENT. SLR A 450

IF( LUP .GT. 1 ) GO TO 50 SPRAD 451
CC REDEFINE VARIABLES. SUBRAD 45?

DO 46 NI,NSIECS SURRAD 453
T) 46 I-],NTEMP SURRAD £sa
U CS(I,N) , '. (I,N.2) S-I9RAD 455
UPCS(I,N) - U?(I,N.2) SIRRAD 456

46 CONTINUE SULRAIJ 457
WRITE(6,146) SURRAD 458

146 FORMA'r (1HO,44X.43H * * PATH PARAMETERS, POINT C TO SUN * * *146X SURRAD 459
$,&FROM SUSROUTINE SJ4RAD, FORMATS 146,I4B)*/2X,*TEMPERATuRE/SPECI SURRAD 460
SES. ((UCS( I,N),N=I,NSPECS).II,.2)*) SURRAD 461

WRIT!(6,141) ((I, (U CS(I,N),N=I,NSPECS)),I=1.2) SURRAD 462
WR ITE(G6,148) SiARAO 463

148 FORMAT (lHO,1X.
t
TEPERATURE/SPECIES. ((UPCS(I,N),N=1,NSPECS),I=I,2 S.•RAD 465

S)*) SIRRAB 465
WRITE(6,141) ((I, (UPCS(IN).N=4,NSPECS)).Iz1.2) SURRAD 466

SO CONTINUE SURRAD 467
cC SLJRRAD 468
CC THE REMAINING PORTION OF THIS SU!BROUTINE. NOT TO BE USED WITH SURRAD 460
CC SUBROUTINE UPWELL, IS AVOIDED BY CALLING SUBROUTINE SURRAD StJRPAD 470
CC WITH IFIRESO. S'ýRRAD 471
CC SURRAD 472

IFf IFIRES.EQ.O ) RETURN SPRRAD 473
CC SURRAD 474
CC ---------------------------------------------------------------------- SURqAD 475
CC NOW CONSIDER THE FIREBALLS AS SOURCES. S"RRAO 476
CC NOTE THAT THE NATURAL CLOUD MODULE IS NOT INVOLVED WITH THE SURRAYk 477
CC REMAINING PORTION OF THIS ROUTINE. S"-RAD 478
CC, SUMPAD 479
CC A.SS.AE THAT LUP (IN ARGUMENT LISTj ALSO SERVES AS A WAVELENGTH SURRAD 480
CC INDEX. SUJRAD 481

DO 99 L-I,IFIRES SURRAD 482
CC GET THE (UtFATTENUATED) IRRADIANCE. EFIRE, OF FTREBALL-L AT SLIPRAD 483
CC SLANT RANGE SRCSR(L*1), IN WATTS/(CM*2? CM-i). SUPRAD 484
CC 'R,..RAD 4S;

EFIRE - FBRINT(L)/(I.F+1O*SRCSa.(LfI)*SRCSR(L+I)) SURRAD 486
CC SURRAD 48'
CC SET PARETERS T) CALL EýIRF. SLWRAD aDq

THI - SRCZEN'L+I) SURA.n aP9
PSI - DETAZI(L+I1 S"RRAD 490

CC CALL ESURF WTT-4 ESURFI SET TO .FALSE. SINCE THIS IS NOT THE SU1RJ D 4A1
CC FIRST CALL FROM THIS ROUTINE AND THUS WE O0 NOT NEED A SURRAD 49?
CC RECOI#UTATIOD OF EPS') AND TKS. SURPRAD_- 4Q3

ESURFI - .FALSE. SLtPRA, 494
CC CALL ESURF WITH SPCW.R SET TO .FALSE. UnDER THE TENTATIVE SURRAD 495
Cc ASSUMPTION THAT WE WILL NOT NEED 'HE SPECULAR REFLECTION SURTAD 4q6
CC POINTS FOR FIREBALLS (WHICH CAN BE COMPUTED IN GLITTR IF SUIRRAD 497
CC MSM=2). IF THERE IS INTEREST IN KNOW!NG SUCH REFLECTION SIQ A,^, 49S
CC POINTS WE WILL WFED TO ESTABLISH APPROPRIATE PRESERVING SLOR AD 499
CC VARIABLES. SURRAD 500

SPCiAR = .FALSE. SURRA) 501

293

, i i m m "i .... .i .... I ..... I .. . . . . l '



CALL ESI*F'THI JTN~P.!PS .Hl4M,PSNJroVSPCUL R, ZLW.OI AYIF IRES. ESL~r1, SUQ RAl 0
S SFR ,EVSDFS t -~AJ n

RAD(L.21, SrRCEF!REtOOS(1UI) RLk'n 5 s11
C: W)W HAVE UNMA1TEW9A-ED REFLECTEDL RADOIACE. RAD(L'?), AT SUpoAD 505
cc POIkT P DUE iFIRrBALL-L. NEED PA-- PRWM~ETERS. SUIR RA kl OS.

IF( L'JP GV. 1 1GO TO 60' SkPR - 517
CALL GEOX?, 3ALT L ),FBIAT" L.FSJLON(L),RFT(CI).RF(fi,t"F(3 SIM#QAOý 5%'ý
CALL vLNc1O45R,...~SIJRRAD 50ý9
NC - 0 SSR QAD 520
CALL STEPSM RP`,RF.MC,OS,XFRACS,INCtX I 9JZ AV 511.

cc NOW HAVE NC .DS,XFRACS, AMO iNDI. SECQC 5Z!?:
FIRST - .TRUE. PFRRAO 513

6' CONTINUE SUFRRAD 5:4
TAFP(L1 - 1.0) S~fRQAD 515
Li I NOV22 S 0 T INDX(2) SUR R AD 516
ff9 iFRACS'1I * HSHE' L(L1I 4 (1.-XFRACS(fl) HSHELL(L) SIJRAn 517
CALL AEROSOL. f 4PZPLAk.XYKSCT.XKABS.ZSAR Q s :* 0c 5'
XKEXTP zKt2SCT + AXASS1 StPRA D 5IQ
DO 70 3','IIC SLRRAD s5?20
IF( D5(J3+l).LT.O.u ) GO % 7U SU'RDAL1 s52
IF( LUP .EQ. 1 ) CALL FAH( FIRST.INOX(3),OS(J41I.XFQAc532'j SLCR&Cl 5??
Li - [MDX( J ) $ L?2 INOI33+1I SURAD 523
ff50- XFQAS(J*1) * HSNELL(L?\ 4 C1.-XFRACS(3.113 * HWJELLLI' SiRPAD 524
CALL AEROSOL ( HSQ. ZLAJ4,!XKSCT, XKAPS, GEAR a JRtAD ?52
XKC-XTQ XKSCT + MKARS SvLCRaq 526
XKEXT -ACCUI*( 20.O.OS(J-1),XKEXTP,XKEXTO.O.,DSVýj+1' ) 0S58}2' SUJR RA'7fl , 57
TAFP(L) - TAFP(L) * EXP( -XKEXTOS'3.1) 'I SLI~ Cn 523q
IXEYTP - XKEXTQ Su ý 29

70 C0NTlNUE SL~D 5r
cc NOW HAVi PATH PARAMtETERS U AND UP FOR FIREBALL-L RAY TO S5RRAD 531
CC POINT F.st r ;
cc ALSO RAVE AEROSOL TRI0TTNE TAF-)(L', 

4
OP FIREBAIL-L SUPAV 5:;

cc RAM FROPS PPF TO RP, Z,.FQC 534
IF( LIP .ýT. I )GP TO 99 sup~A ¶35 c?

cc REDEFINE VARIABLES. SIP QA0ý 536
DO 80 N41 fNSPECS SLIPRAn 53'
DO 80 I=1,NTEWD stPý qA- 53i9
U PS(I.N1.L1) LU(,N? S.Lj-AAC S3;
UFPE(I,N,L+l) UP(.IN,2ý l A-,P& 542

so CDR'!Ixrnf SLRRAD 541,
99 CONrIVUE S--mvA0 54

RE T!,RN Stp.A' 4
END s L 54a



SUBROUTIPNE TAPVGEO(NAI.GCIGL1,XE2X,YP2I.ZV2I,HA2.GC?.GL2) TANGED 2

C 5U89311NE 
7 k4A0Z0 (A W'OIFIED HARC ROUFTINE CALLED ZYCCEO), TAWC--3 a

C GIVEN T14E OG(4ALPM;C COODRDIATES OF POIV4 I AND T'4 ?AWIM'- TANG.CD 5
C PLAME Ct YYOI'TES OF POINT 2 w(ITH RESPECT To POIMT 1. PROVIDES TANGED 6
C THlE GEOGALPHIC COORDINATES OF POINT 2. TAWGED 7
CCC TAN4GEO 8
c INPUTS F"OA CALL STATEWN-T TRNGEO 9
C HAI - ALTITUDE OF POIN' 1, C- TANSFO 10
c GC1 - COLATIYLCE OF POINT 1, RADIANS T Afl.ED0 11
C GLi EAST LONGITUDE OF POINT 1, RAD)IAhS TANGED 12
C XE21 X COORDINATE OF POINT 2 RELATIvE TO POINT 1. CM TAJGED 13
C YR21 Y COORDINATE OF in)QINT 2 RELATIVE TO POINT 1, C-M TANGED, 14
C ZY21 i COORDINA'E OF POINT 2 RELATIVE TO POINT 1. CM TANGED 1s
C OUTPUTS TANG-ED if
C MA2 ALTITUDE OF POINT 2. CH TANGED 17
C GL? COLATITUDE OF POINT 2, RADIANS TANGED is
C GL? *EAST LONGITUDE OF POINT 2, RADIANS TANGED 19
CCC TANGEDI 20
C RESTRICTIONS_ TANGED 21
C POINTS 1 AND/OR 2 M4AY NOT LIE ON 3ORTH4-SoUrTH POLAR AXIS TANGED 22
cc[ TANGED 23

DATA PISRE / 3.141592653590.6.37103E"OA TANGED 24
CCC TANGED 25

CR?2 * RE-HA142V2i TANGED 26
GR2 - SORT'XE21l"2 + YN21-2 + GF??2) TANGE ??
HA2 -CR2-RE TANGED 28
cos&I * CDS(GCI) TANGED 119
SZINGCI -SINCCC1I) TANGEO 3D.
WDSGC2 - (6A21'ODS&CI + YN21 aNCC1l)IGR? TANGED 31

SING&C? - SORT{I1.O-COSXZ2)2 TANGED 3?
SINSLO - XE?1/ICR?*SINGCCZ TAN4GED 3:
COSSLD (GA2ZlFA2 - COSGCl*COSGC?'/(SIPCGCL'SINGC2) TANGED- 34
GC2 - ATAN12( SINGC?,COSCC? ) I~v 35
GLO ATAJI?( SINGLD.CDSGZD T4145ED 36
GL, - LI4GtD TANGEO 3'
RETURN TANGE' 3S

END TANGED 39
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SuMOUtrNE TIAMS( UTEMP,1. ",U. IP, rt. WD., 6-DH, TALI, ABC, T-St. TQ ANS 9

I FAST, FILPOS TIRA 31
C TRAMS A
CLJ TR ANS It S
CU~ INPULT POAMiETERS TR AN S
CLJ MRGIPENT LAST TP ANS 7
CUJ NIEMP t WflEFR OF TEMPERATURES IN AntOSPHERIC 7R ANS F
CL'i TRAMSMIrE&NCE MODEL (I0, SET IN4 CALL FROM [lIPS TR AN S
CL.) AT'RAD OR TRNSCO) rTV A14 S i

CLJ - IWDE) FEW MODE OF TR&N9IITTANCE CALCUI.ATION. TRANS !I
CUJ O0ULD BF , 1 . WITHIN THE NATURA0L TR AMS 12
CLO BAK(ROUIC RADIATION MMOILE (WHERE TRAMS IS CALLED TR ANS 13
CLJ FROM ATIVAD. TRNSCO. AID UPWELLI, N IS ALWAYS 1. TR ANS 14
CUJ (IN CALLS FROM PROGRAM EMISCAT, M IS 1. 2, AN0 IS 71RA.4S 15
CLJ ALLOWED VALUES UP TO 1H.) TV ANS !6
CLJ IN SUBROUTINE TRANS. 161 LIMITS USE OF THE U AMD T? NI5 17
CUJ UP ARRAYS TO ThEIR FIRST H4ALVES. TVIS IS TR ANS N is
CLO CONSISTENT WITH THE FACT TPAT WITHIN TifE h1ý0 TR Q4S 19
CLI MOIDULE. SUBROUTINE TRANtS IS ALWAYS CA.L!, [C WITH v WVINhS ?c
CUj SET TO 1, U SET TO u(1,1,2), AND UP SET TO n AN S 21
CLI uP(f1.1 .2). THIS Is ALSO T1RUE FOR CALLS WI1w ma: TR ANS 2?
CLI FRON EPIISCAT. BUT THERE, WHEN W.GE.2, THE CALLS TR AXS 23
CL ARE WITH4 LU AM UP, 1. E., THE ENTIRE ARRAYS. TRAMS 24
CLj -i ARN,) EAL DENSIT'Y FOR TEMPERATURE I ANDO TRAMS 25
,a i SPECIES N, CO. AT STP (IrIN4TEMP , Nzl,NSOFEC) TR kS ?S
CLJ UP(I,N,1) - PATH PARNIETER UP (PRODUCT OF U AND PRESSURE FOR TRAMS 2'
CLJ TEMPERATURE I AMO SPECIES N, AIN-CM AT STO TRANS 22
ClI (l4I,XTEMP , N:1,NSPEC) TRANS 2
CLJ FAfýr) -= TAMS 30
CL.) (FK(MI, IS USED ONLY IF M4.GE.3 .CURP-ENTLY, 0 !SZ TRAANS 31
CLI SET TO 1 IN CALLS TO TRAMS FROM. TRNSCO AltO ATRA~n' Tv ANS 3 ?
CLI WDEL * LOWEST WAVENUMBER IN DETECTOR INTERVAL BEING TRANS4 33
CLI USED, i /CM TR ANS 34
C'.. W14 - HIGHEST WAiE'tLICER IN DETECTOR INTERVAL BEING TR ANS 3.
CLm USED, I/Cm TRANS 36
CLJ FAST - LOGICAL VARIABLE DE-TERMINING COMPI'JXITY Of TR ANS 3'
iLJ flM9S?#ISSIO4 CALCULATION. IN CALLS TO SVJROL7'INE TRAMS 3Q

CL I TRAN S (FROM wUBRUTINES A1WAD, TRNSU, AMD UWELL T RAN4S 39
C I- WITHIN THE NIB1 MODULE AND FROM PR001111 EM! SC-AT TRAN14S 40
CU OUTSIOE THE NBR MOULE) FAST IS SET ý TR;NSPT, rRANS 42
CL.1 -. TRUE., TRM991 TANCE !S BASED ON SlNSGLE-LEVEL TR AhS 4?
CLI GROUPS ANn STATISTICAL BA.NS. BA.ND1I0EL TRAMNS 43
CL' PARI.METERS CLWPLTED Y TE TRANS I TR AN! 4A
ML FOR TRNSOPT=.TRUC. ARE MATCHED TO USER' S TR AlNS 45
CLJ SPECTRAL INTERVAL. TR 44 S 46
CUJ *.FALSE., TRASMITTANE IS BASED ON kL .'IPLE-LEVEL TRANS 4?
CLJ GROUPS AND RANYW ELSASSE BANDS. BkN> TVANS 4S
ZCLI SOEL PA... ETERS C..PZITED By STNBJ0• 2NE TRANS 49

f CLJ TRAS8 FOP TR]NSDTS.FALSE. ARE -cap A TRANS 51
CLi HIGHER RESOL, ION THAN THE USEV'S SPEI.T TPANS 5!

SCLJ INTERVAL, A FACT TAKEN INTO ACCOUNT IN TRAS S?
CL COMPUTING THE TRANSMITTANCE. TR AN! E3
CLJ FILPUS FILE POSTION. SET TO .IR4S IN CALLS FR0* TRANS 54
CCi 5SJOUTINES TRNSCO AMD A7ISAYD. TR AS S •5

m CU MOC OUTN TR NS 15
CtJ TC * TE4PCRACU.E RRAY IN A 40SNERIC TRAF S 'SSION TR NS 5'
CLJ MODEL. SET AS DATA IN THE DRIVER rROGPAY.P TR.,NS SQ

2LE t T
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CLJ XYZCOM CO0l4ON TRANS 59
CLJ LTMTE BINARY FILE CONTAINING THE BAND-MODEL PARAMETERS TRANS 60
CLJ WHICH WERE DERIVED IN SUBROUTINE TRANS8 FROM THE TRANS 61
CLJ BASIC S-(I/CM)-RESOLUTIOI DATA. TRANS 62
CLJ LTMTE IS IDENTICAL TO TAPOT, THE FILE WRITTEN TRANS 63
CLJ BY TRANSB. (SEE TRANSB.) TRANS 64
CLJ * * * * * * TRANS 65
CLJ FOR EACH READ OF THE LTJTE FILE, iHE 202 WORDS TRANS 66
CLJ ARE SYORED AS... TRANS 67
CLJ WTL, LOWER AND HIGHER WAVENUMBERS OF INTERVAL, CM-i TRANS 68
CL.J WTH TRANS 69
CLJ FOR 1-1,10 , IS-1,10 TRANS 70
CLJ S0D(I,1S) = MEAN ABSORPTION COEFFICIENT FOR SPECIES-IS AT TRANS 71
CL.J TEMPERATURE-INDEX-I FOR THE WAVENUMBER INTERVAL, TRANS 72
CLJ I/CM AT 57P TRANS 73
CLJ DEI(I,IS) - INVEP. OF MEAN LINE-SPACING PARAMETER, OR THE TRANS 74
CLJ EFFECTIVE LINE DENSITY, LINES/Cl/CM) TRANS 75
CL* TRANS 76
CLJ NSPEC - OWLS, THE NUMBER OF SPECIES, SET IN DRIVER. TRANS 77
CLJ OUTPUT PARAMETERS TRANS 78
CLJ ARGUMENT LIST TRANS 79
CLJ TAU(N,M) - TRANSMITTANCE FOR SPECIES N TRANS 80
CLtJ (N-1,NSPEC , M-1,15) (BUT M-1 FOP NBR NODULE) TRANS 81
CLJ ABC(N,M) - OPTICAL DEPTH FOR SPECIES N, DIMENSIONLESS TRANS 82
CLJ (N,1,NSPEC , M-1,15) (BUT M-1 FOR NBR MODULE) TRANS 83
CLJ TTBL(M) - MOLECULAR TRANSMITTANCE FOR MODE M TRANS 84

DIMENSION U(NTEMI.1O,2), UP(NTEMP,10.2), FK(M), NSAY(IO), TRANS 85
1 WIAT(13,5), F(13,10), G(13,10), THETA(IO), CF(130,1OO), TRANS 86
2 CG(13,10,10). TAU(IOM), XMW(10), SOD(1O,lD), DEI(1O,1O), TRANS 87
3 ALS(IO), ABC(10,M), TTBL(M) TRANS 88

C TRANS 89
COMMON / BY / TT(10) TRANS 90
COM4ON I XYZCO$ / ITMTE, LTMTE, XXX(1454), NSPEC, FACT TR ANS 91

C COMMON / CONCOP / PI, RBODY, .......... TRANS 92
C TRANS 93

LOGICAL TABLIN, FAST TRANS 94
C TRANS 95

DATA TOO/ 100 " 0. /, DEl / 100* 0. / TRANS 96
DATA NWAY / 4, 3. 12. 10, 10, 11, 4, 0, 5, 2 / TRANS 97
DATA GNAT / 1 , 2., 4., 6.. 10., 14., 19., 25., 33., 42., 53., TRANS 98
1 66., 80., I., 1., 3., 3., 6., 7., 10., 12., 14., 17., 19.. TRANS 99
2 0.. 0., 1., 2., 3., 6., 7., 10.. 15., 17., 21.. 28., 30., 0., TRANS 100
3 0., 1., 2., 4., 6., 10., 14., 20., 27., 36., 46., 58., 72., TRANS 101
4 0., 1., 1.. 3., 3., 3.. 6., 7 * 0. / TRANS 102

DATA ThETA / 2740., 3420., 850., lOBC., 1015., 960., 1123., 0., TRANS 103
1 2300., 535n. / TRANS 104

DATA ALS / .04, .04 .. O, .10, .11, .07, .06, .06, .04, 06 / TRANS 105
DATA Al1 0.3480242 /, A? / -. 0958798 /, A3 / 0.7478SS6 TRANS 105
DATA P / 0.47047 / TRANS 107
DATA XMW / 30., 30., 44., 46., 48., 44., 2B., 16., 18., 17. / TRANS 108
DATA TABLIN / .FALSE. , WLP / 0. /, WHP /0./ TRANS 109
DATA PI / 3 14159265 / TRANS 110

C TRANS III
CLJ ENTRY TRANSI IS PROVIDED BY SAI (12129/78) TO AVOID CONFLICT TRANS 117
CLJ IN SUBROUTINE UPWELL BFTWEEN THE ARRAY TRANS IN COMMON CLDWT TRANS 113
CLJ AMO) THE CALL TO SUBROUTINE TRANS. TRANS 114

ENTRY TRANSI TRANS 115
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P410 - M 10 TRANS 116

DO 31 1-1. MI13 TRANS 117

ABC(I,1) - 0. TRANS 119
TAU(1,1) - 0. TRANS 120

31 CONTINUE TRANS 121

c TRANS 122

IF ( TABLIN O0R. FAST )GO TO 27 TRANS 123
TRANS 124

C INI!TATLIZATIONS TRANS 125

C TRANS 126

C LOOP OVER SPECIES TRANS 127

C TRANS 128
DO 1 I5 - 1, NSPEC TRANS 2

NS5 - NSRAY(IS) + 1 TRANS 130

C TRANS 131

C LOOP OVER ENERGY BINS TRANS 132

C TRANS 133
DO 2.1- 1, NS TRANS 134
F(J,1S) - 1. TRANS 135
GO TO ( 3. 3, 4, 4. 4. 4, 3. 4, 4, 3 ).IS TRANS 136

C TRANS 137
3 F(345S) -3 TRANS 138

C TRANS 139
4 GO TO ( 5, 6, 7, 8. 9, 10, 6, 11. 12, S IS 1 TRANS 140

C TRANS 141

5 G(J,IS) - 2. TRANS 142
GO TO 2 TRANS 143

C TRANS 144
6 G(3,15) - 1. TRANS 145
GO0TO 2 TRANS 146

C TRANS 117
7 6(J,151 GHAT(J,1) TRANS 148

GO TO 2 TRANS 149

C TRýAN S 150
8 G(J,15) - GHAT(J,2) * 100. TRANS 151

GO TO2 TR AN S 152
C TRANS 153

9 G(J,15) - GIIAT(J.3) - 100. TRANS 154
GOTOZ2 TRANS 155

C TRANS 156
10 G(3.15) - GHAT(3.4) TRANS 157

GO TO 2 TR AN S 158
C 1-kAN S 159

13 G(J,15) -100. TRANS 160
GO TO 2 TRANS 161

C TRANS 162
12 6(3.15) - GHAT(3,5) W 10. TRANS 163
2 CONTINUE TRANS 164

c TRANS 165
1 CONTINUE TRANS 166

C TRANS 167

C LOOP OVER TEMPERATURES TRANS 168
c TRANS 169

DO) 13 I1 1, NTEP4P TRANS 170
r. TRANS 171

C LOUP OVER SPECIES TRANS 177



C TR AN S 173
DO 14 IS - 1, NSPEC TR AN S 174

C 'MANS 17 s
NS - NSRAY(IS) + 1 TRANS 176
FSU- -* 0. RAN S 17

C TRANS 178
C LOOP OVER ENERGY BINS TR ANS 17r
C TRANS 180

DO 15 J - 1. NS TRANS 181
FJ - =-1 TRANS 18?
FSUN FSUM + Ff3.15) * GUSIS) *EAR) -T14ETA)IS) Fd I nfl) I TRANS 183

15 CONTINUE TRANS 184
C TRANS 185

JISUM 4 0. TRANS 185
C TRANS 187
C LOOP OVER ENERGY BINS TRANS 188
C TRANS 189

DO 163J 1. NS TRANS 190
CR13.15,]) = 1. TRANS 191
FJ - J - I PANS 192
CFRSU3.15) - F(J,IS) * (3.1) * EXP( -THETA(IS) FJ / TIfl) ) TRANS 193
5 ! F5UN TRANS 194
FISUM - FISUM + SORT( CF(3.IS,I) *Gf.J.IS) ITR AN S 195

16 CONTINUE TRANS 196
C TRANS 197
C LOOP OVER ENERGY BINS TRANS 198

C TRANS 199
00 17 J - 1, MS TRANS 200
CGf(J,IS,I) - 1. TRANS 201
FJ - J - I TRANS 202
CGFJ.ISI) - G(,IS) FISUM -) TR AN S 203

17 CONTINUE TRANS 204
C TRANS 205

14 CONTINUER TRANS 206
C TR AN S 207

13 CONTINUE TRAN4S 208

C TRANS 209
TABLIN - TRUE. TRANS 210

C TRANS 211
27 IF (FAST .AND. WDL *NE. ALP .OR. WO NE. HP ) GO TO 23 TRANS 212

IF FILPOS LE. W6L ) GO TO 24 TRANS 213
C TRANS 214

REWIND LTRUTE TRANS 215
WL - 0. TRANS 216
wmm - 0. TRANS 217
GO TO 24 TRANS 218

C TRANS 2?Q
C READ SPECTRAL DATA FILE TRANS 220
C TRANS 221

23 READ (LRTTE) dTL, WTI, SOD(I,,01S), I - 1. NTFMP ), TRANS 22?
s ( DEI(I,IS), I - 1, NTEMP ), 15 - 1, NSPEC ) TRANS 223

FILPOS - WTL TRANS 224
I IP - WON TRANS 275
WLP , WDL TRANS 226

C TRANS 227
24 OLAP - FRAC( WDL, WD", WTL, WTH ) TRANS 228

IF fWTL .61. WON RETURN TRANS 229

2 w



IF (OLAP LE. 0. )GO TO 23 TRA4S 230
C TRANS 231

W *(WTL + WTH )/2. TRANS 232
C TRANS 233
C LOOP OVER PATH SEGMENTS TRANS 234
C TRANS 235
CL.) IN NBR MCODULE USAGE, N IS SET TO I IN CALLS TO SUBROUTINE TRANS 236
CL.) TRANS. BUT IN CALLS TO TRANS FROM PROGRAM EMI4SCAT, N IS SET TO TRANS 237
CL.) 1. 2, AND KAY BE UP TO 15. TRANS 238

00 22 K - 1. N TRANS 239
C TRANS 240
C LOOP OVER SPECIES TRANS 241
C TRANS 242

DO 1S IS - 1, MSPEC TRANS 243
ADS - 3.58E-7 * W * SORT( 273.1 XNW(IS) )TRANS 244
US- NSRAY(S) + 1 TRANS 245
IF (FAST) . S - I TRANS 246
-S =0. TRANS 247

C TRANS 248
C LOOP OVER ENERGY BINS TRANS 249
C TRANS 250
CL NITE TNAT MUS-I FOR FAST TRNSOPT -] TRUE. . TRANS 251

0 0193 1 , . SN TRANS 252
,WL - a. TRANS 253
SJ-C - 0. TRANS 254
SUM) - 0. TRANS 255

C TRANS 256
C LOOP OVER TEMPERATURES TRANS 257
C TRANS 258
C CALCULATE OPTICAL DEPTH IN WEAK-LINE APPROXIMATION TRANS 259
C TRAMS 260

DO 20 1 - 1, NTEMP TRANS 261
IF ( .GE. 3 ) GO TO 29 TRANS 262

CL.) SINCE N-1 IN NOR-MIDULE USAGE,IK HAS THE SINGLE VALUE OF 1. TRANS 263
CL.) THUS, WE ARE SETTING 0(1,15.1) AND UP(IIS,1) INTO US AND TRANS 264
CL-) UPS, RESPECTIVELY. ORANS 265

US - U(IISK) TRANS 266
UPS - UP(I.ISK) TRANS 26/
GO TO 30 TRANS 268

C TRANS 269
CL.) THE FOLLOWING EXPRESSION IS USED ONLY IF N.GE.3, AS NAY OBTAIN TPANS 270
CL. FOR CALLS TO TRANS FROM PROGRAM ENISCAT. NBA-ODULE USAGE HAS TRANS 271
CL.) N-I, SO U(I,IS,2) AND UP(I,IS.2) ARE NOT USED IN SUBROUTINE TRANS 272
CLJ TANS, NOR IS THE ARRAY FK, FOR THE MBA .ODULE. TRANS 273

29 US 1. FK(K) ) (1,15,1) + FK(K) * 0(1,15.2) TRANS 274
UPS -(1. -FK(K) )*UP(I,1S,I) + FK(K) *UP(I,IS,2) TRANS 275

C TRANS 276
30 IF US IEO. 0.) GO TO 20 TRANS 277

IF FAST ) GO TO 36 TRANS 278
50CA - CF(JISI) * 00(IW.AT) TRANS 279
0(11 - CG(3,ISI) * DEICIIIS) TRANS 280
GO TO032 TRANS 281

C TRANS 282
36 3001 - SOD(I.IS) TRANS 283

DEII - DEI(IIS) TRANS 284
C TRANS 285

32 X FL R CXLL+ ' O5 AUS TRANS 286
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SW4C - SOC + SORT( 273. f TT::; ) * DEII * SOOI * UPS TRANS 287
SUMD = SUMO + SQRT( TT(I) / 273. ) * DElI * S0DI * US TRANS 288

20 CONTINUE TRANS 289
C TRANS 290

IF ( XWL .LE. I.E-1CI ) GO TO 34 TRANS 291
c TRANS 292
C CALCULATE OPTICAL DEPTH IN AN APPROXIMATE TRANS 293
C RANDOM ELSASSER MODEL TRANS 294
C TRANS 295

ACSJ - ALS(iS) / XWL * SUMC TRANS 296
ADS,) - ADS I XWL * SUMD TRANS 297
IF (FAST) GO TO 25 TRANS 298
U2 PI * XWL -2 / ( 4. - G(J,IS) **2 * ( 1. XWL / TRANS 299

3 ( 4. ACSJ))) TRANS 300
TL . / ( 1. + P * SQRT( U2 ) ) TRANS 301
XRE a -C(3,IS) * ( ALOG( Al * TL + A?* TL **2 + A3 * TL *-3 ) - TRANS 302

$ U2) TRANS 303
C TRANS 304
C CALCULATE OPTICAL DEPTH FOR LORENTZ LINES TRANS 305
C TRANS 306

XL = AMINI( IRE, XWL ) TRANS 307
GO TO 33 TRANS 308

C TRANS 309
25 XL - XWL / SQRT( 1. + XWL / ( 4. * ACSJ ) ) TRANS 310

C TRANS 311
C CALCULATE OPTICAL DEPTH FOR DOPLER LINES TRANS 312
C TRANS 313

33 XD - 1.7 * ADSJ * SQRT( ALOG( 1. + ( XWL / ( 1.7 * ADSJ ) ) -2 )) TRANS 314
A -(1.- XLIXWL)"*2)"2 TRANS 315
8 * ( . - ( XD / XjI. ) **2 ) -2 TRANS 316
IF( A + .LE. 1.E-15 )GO TO 21 TRANS 317
Y - SQRT( A *B ( + A - A * B) TRANS 318

C TRANS 319
C CALCULATE OPTICAL DEPTH OF SPECIES TRANS 320
C TRANS 321

XS XS + XwL * SQRT( 1. - Y ) TRANS 322
GO TO 19 TRANS 323

C TRANS 324
21 KS - XS + XVI. TRANS 325

CLJ STATEMENT 19 IS FOR THE ENERGY-BIN LOOP ON INDEX J. FCR TRANS 326
CLJ FAST = .TRUE., THIS LOOP IS DONE ONLY ONCE. TRANS 327

19 CONTINUE TRANS 328
C TRANS 329
C TRANS 330
C CALCULATE TRANUSITTANCE OF SPECIES TRANS 331
C TRANS 332

ABC(IS.K) - ABC(ISK) + XS * OLAP TRANS 333
TAU(IS,K) * TAU(IS,K) + EXP( -XS )*OLAP TRANS 334
0 To s8 TRANS 335

34 TAU(IS,K) - TAU(IS,K) + OLAP TRANS 336
CL. STATEMENT 18 IS FOR THE SPECIES LOOP ON INDEX IS. TRANS 337

18 CONTINUE TRANS 338
C TRANS 339
CLJ STATEMENT 22 IS FOR THE SO-CALLED PATH-SEGMENT LOOP ON INDEX TRANS 340
CLO K. FOR NBR-NODULE USAGE, K EQUALS ONLY 1. TRANS 341

22 CONTINUE TRANS 342
C TRANS 343
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IF ( WTH .LT. .9999999 * WDH ) GO TO 23 TRANS 344
C TRANS 345

DO 35 K , 1, M TRANS 346
TTBL(K) -*. TRANS 347
DO 35 IS - 1, NSPEC TRANS 348

CLj THE FOLLOWING TWO-LINE CHANGE, RECEIVED IN TWO INSTALLMENTS TRANS 349
CLJ FROM L. EWING ON 3/20/79 AND A. KLEIN ON 9/10/79, AFFECTS TME TRANS 350
CLJ EMISSION CALCULATION IN SUBROUTINE ATIRAD. TRANS 351

IF( ( TAU(IS,K) .LT. 0.9999 ) .AND. ( TAU(IS,K) .6T. 0.0001 ) ) TRANS 352
$ ABC(IS,K) - -ALOG( TAU(ISK) ) TRANS 353

35 -lBL(K) * TTBL(K) ' TAU(IS,K) TRANS 354
C TRANS 355

RElRiRN TRANS 356
END TRANS 357
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SUBROUTINE TRANSB ( LBAND ) TRANSB 2

C TRANSB 3
C *TRANSB* ELIMINATES UNNECESSARY SPECTRAL DATA FROM TRANSB 4
C THE EXTERNAL FILE. THE TYPE OF SPECTRAL COVERING GENERATED TRANSB 5
C DEPENDS ON TRNSOPT. IF TRNSOPT IS .TRUE. , THE FASTEST ?RANSB 6
C BUT LEAST ACCURATE CALCULATIONS WILL BE DONE. TPANSO 7
C TRPANSB 2
CLJ TRANSB g
CLJ INPUT PARAMETERS TR A.N S8 10
CLJ ARGUMENT LIST TRANS8 11
CLJ LBAND - LIST HEADER VARIABLE (LHV) FOR WAVELENGTH BANDS TRANSB 1?
CLJ DATASET-BN (NO. 114). STRICTLY, LBAND IS THE TRANSB 13
CLJ POINTER (I.E., IT CONTAINS THE (0-ARRAY) ADDRESS TRANS5 14
CLJ FOR THE LIST HEADER OF THE WAVELENGTH BANDS TRA.NSE 15
CLJ DATASET-BN. TRANSB 16
CLJ IN GRC USAGE, LBAND IS SLORED AS WORD-12 OF TRANSB 17
CLJ DATASET-ST (NO. 111). TRA.NSS i8
CLJ IN THE SAI STAND-ALONE VERSION OF THE NBR MODULE, TRANSB 19
CLJ DATASET-ST (NO. 111) IS NOT USED, BUT LBAND IS TRANS8 20
CLJ STILL GENERATED IN PROGRAM DRVUPW AND USED AS THE TRANSB 21
CLJ LHV FOR DATASET-BN. TRANSB 22
CLJ XYZC0'4 COMMON TRANSS 23
CLJ ITMTE = AUXILIARY INPUT DATA FILE NUMBER, (=2 IN DRVUPW) TRANSB 24
CLJ LTMTE - AUXILIARY OUTPUT DATA FILE NUMBER, (=3 IN DRVUPW) TRANSB 25
CLJ OPTION COMMON TRANSB 26
CLJ TRNSCPT - LOGICAL VARIABLE AFFECTING (A) PROCEDURE FOR TRANS 2?7
CLO CONVERTING THE BASIC 5-(1/CM)-RESOLUTION BAND- TRANSR 28
CLJ MODEL PARAMETERS TO THOSE FOR THE USER-SPECIFIED TRANSB ?2
C(LJ RESOLUT!DN AND (B) POSSIBLE REDUNDANCY OF OUTPUT PRANE5S8 30
CLJ DATA IF USER-SELECTED BANDS OVERLAP WITH COMNMON TRANSS 31
CLJ SPECTRAL INTERVALS. T ANES 3?
CLJ =.TRUE.. TRANSB PROVIDES... TRANSB 33
CLJ (A) IN-BAND (MORE PRECISELY, ''IN-!NTERVAL") PANSO 34
CLJ AVERAGED BAND-MODEL PARAMETERS. (THERE IS NO TRANSF 35
CLJ LIMIT ON THE ALLOWED COARSENESS OF THE TRANSe 36
CLJ RESOLUTION. IF RESOLUTION FINER THAN 5-(l/CM) IS TRAN5S 37
CLJ REQUESTED. THE CODE WILL COMPUTE ANSWERS. BUT TRANESB 38
CLJ THEY MAY HAVE LITTLE OR NO PHYSICAL REALITY.) TRANSS 39

CLJ (B) BAND-MODEL PARAMETERS FOR EACH INTERVAL TRANSO 4n

CLJ WITHIN A BAND (EVEN THOUGH BANDS MAY OVERLAP), TRANSS 41
CL.) AND THE BANDS ARE ORDERED AS IN THE WAVELENGTH TR ANS 4?
CLJ BANDS DATASET-BN (NO. 114). TRANS. 43
CLJ .FAL.E E., TRANSB PROVIDES... TRANSB 44

CLJ (A) BAND-MODEL PARAMETERS AT A (BELOW-DEFINED) TRAN S 45
CLJ RESOLUTION THAT MAY BE FINER THAN THE REQUESTED TRANSI 46
CLJ SPECTRAL INTERVALS. IN THIS CASE THE TRANSB- TRANSE 47
CLJ GENERATED RESOLUTION (OR SUBINTERVAL) IS 0.5 OF TRANS 4p
CLJ THE NARROWEST USER-SPECIFIED WAVENUMBER INTERVAL, PTANS 49
CLJ BUT WITHIN THE RANGE OF 5 TC 50 (iCM). THE PRANSO 50
CLJ LOWER E-DGE OF THE FIRST OUTPUT INTERVAL LIES AT TRANSP 51
CLJ THE LOWER EDGE OF THE LOWEST WAVENUMBER SPECTRAL TRANSO 5?

CLJ INTFRVAL. TRANSR 53
CL.3 (8) NON-PEDINDANT INFOFRMTION FOR INTERVALS IN PAJNSF 54
CLJ OVERLAPPING BANDS. (IF BANDS DON'T OVERLh

0
), TRANSY E5

CLJ THERE IS NOTHIEG TO ELIMINATE, OF COURSE.) TRAN S- 56
CLJ NOTE. FOR ADDITIONAL INFORMATION REGARDImNT USE TPAN ( 57
CLJ OF THESE BAND-MODEL PARAMETERS, SEE COMMFNTS TRA I.SY 59
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CLJ UNDER THE LOGICAL VARIABLE FAST IN SUBROUTINE TRANSB 59
CLJ TRANS. TRANSB 60
CLJ -DATASET-BN'' TRANSB 61
CLJ • NOTE * THE SPELLING (8N) IS AN UNFORTUNATE ARTIFACT FROM TMANSB 62
CLJ * THE ORIGINAL DEVELOPMENT OF THE ROUTINE BY L. TRANSB 63
CLJ * EWING OF GET. WE ARE REALLY DEALING WITH WORDS-3. TRANSB 64
CLJ * -4, AND -6 OF THE GRC DICTIONARY DATASET-BI (NO. TRANSB 65
CLJ - 115) AND NOT DATASET-BN (NO. 114). TRANSO 66
CLJ WLO BN, - LOWEST AND HIGHES'f WAVENUMBERS OF SPECTRAL TRANSB 67
CLJ WH- I BN INTERVAL OVER WHICH BAND-MODEL PARAMETERS ARE TO TRANS8 68
CLJ BE AVERAGED, CM-1 TRANSB 69
CLJ TELAG BN - FLAG TO DENOTE WHETHER THE WAVELENGTH OR TRANSB 70
CLJ WAVENU.BER (CORRESPONDING TO THE ARGUENT OF TRANSB 71
CLJ TFLAG BN) IS ASSOCIATED WITH THE FIRST, TRANSS 72
CLJ INTERMEDIATE, OR LAST SPECTRAL DIVISION IN A BAND TRMSB 73
CLJ OF (ASCENDING) WAVELENGTHS OR (ASCENDING) TRANSS 74
CLJ WAVENUMBERS. TRANS8 75
CLJ - I., FIRST SPECTRAL DIVISION (LOWEST WAVELENGTH) IN TRANSB 76
CLJ A WAVELENGTH BAND OR LAST SPECTRAL DIVISION TRANSO 77
CLJ (HIGHEST WAVENUMBER) IN A WAVENUMER BAND TRANSB 78
CLJ - 0., INTERMEDIATE SPELTRAL DIVISION TRANSB 79
CLJ - 2., LAST SPECTRAL DIVISION (HIGHEST WAVELENGTH) IN TRANSB 80
CLJ A WAVELENGTH BAND OR FIRST SPECTRAL DIVISION TRANSB Si
CLJ (LOWEST WAVENUMBER) IN A WAVENUMBER BAND TRANSE 82
CLJ INPUT BINARY FILE TRANSB 83
CLJ TAPIN = EQUIVALENCED TO ITMTE. CONTAINS BAND-MODEL TRANSE 84
CLJ PARAMETERS FOR 5-(CM.1) RESOLUTION TRANS3 85
CLO WSL - LOWER WAVENULBER OF 5-(CM-1) INTERVAL FOR THE SET TRANSB 86
CLJ 1997.5(5.0)4997.5 CM-1 TRANSB 87
CLJ WSH = HIGHER WAVENUMBER OF 5-(CM-1) INTERVAL FOR THE SET TRAM4SB 88
CL.] 2002.5(5.0)5002.5 CM-1 TR AN SB 89
CLJ FOR 1=1,10 , IS=1,10 ... -TRANSB 90
CLJ SOD(I.15) - MEAN ABSORPTION COEFFICIENT FOR SPECIES-IS AT TRANSB 91
CLJ TEMPERATURE-INDEX-I FOR THE 5-(CP-1) INTERVAL TRANSB 92
CLJ FROM WSL TO WSH, CM-i AT STP TRANSB 93
CLJ DEI(I,IS) - INVERSE OF MEAN LINE-SPACING PARAMETER, OR THE TRANSS 94
CLJ EFFECTIVE LINE DENSITY, LINES/(CM-1). TRANSB 95
CLJ OUTPUT PARAMETERS TRANSB 96
CLJ OUTPUT BINARY FILE TRANSO 97
CLJ TAPOT - EQUIVALENCED TO LTMTE. CONTAINS BAND-MODEL TRANSB 98
CLJ PARAMETERS. DERIVED FROM THE 5-(CM-1)-RESOLUTION TRANSB 99
CLJ DATA, FOR THE USER-SPECIrIED INTERVAL DW EITHER TRANSB 100
CLJ (A) COMMUNICATED THROUGH THE DATASET-BI IF TRANSB 101
CLJ TRNSOPT - .TRUE. OR (B) SET BY AN ALGORITHM IF TRANSB 102
CLJ TRNSOPT J .FALSE. THE ALGORITHM IS THAI OW EQUALS TRANSB 103
CLJ ONE-HALF OF THE MINIMUM OW COMMUNICATED THROUGH TRANSB 104
CLJ THE DATASET-BI, BUT NOT LESS THAN 5.0 OR MORE TRANSB 10S
CLJ THAN 50.0 CM-I TRANSB 106
CLJ WL, - LOWER AND HIGHER WAVENUPSERS OF TRANSB 107
CLJ WH INTERVAL OW, CM-1 TRANSE 108
CLJ FOR 1=1.10 , IS-1,10 ... TRAMSB 109
CL.] S(1,1S) - MEAN ABSORPTION COEFFICIENT FOR SPECIES-IS AT TRANSS 110
CLJ TEMPERATURE- INDEX- I FOR THE INTERVAL DW. TRANSB ill
CLJ CM-1 AT STP TRANSE 112
CL. DE(I.IS) - INVERSE OF MEAN LINE-SPACING PARAMETER. OR THE 7RANS 113
CLJ EFFECTIVE LINE DENSITY, LINES/(CM-1) TRANSB 114
CL.] TRANSB 115
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DIMENSION SOD(10,10), OEI(10,1O), S(00,10), DE(10,1O) TRANSB 116
DIMENSION WlO BN(1), WHI BN(1), TFLAG BN(I) ThANS8 117
COMM0ON ONAREA. QWAREA(IO), QFREHO, QNDTST, QNLNKS. QZSIZE, ThAJNSB 118

1 QNZBLK, OZHEAD, OCOUNT(30), OOSIZE(IO), QNSIZE, OLUNIT(IO), TRANSA 119
2 OERLUN, OQBITS(2,10), Q0I) TRWNSB 120

EQUIVALENCE ( 0, IQ I TRA,"S8 121
DIMENSION 10(1) TR.mSB 122
COMMON / XYZCON ITNTE, LTMTE, NS, HSHELL(81), TS(81), PS(81), TRANSB 123
1 XNSPEC(81,1O), U(l0,10,2), UP(10,10.2), NMOLS, TRANSS 124
2 FACT TkiSB. 125

COMMN / OPTION I TRNSOPT TRAuCB 126
C TRAUSB 127
CL1 NOTE * THE THREE WORDS WLO BN, WHI BN, AND TFLAS BN ARE TR.AISB 12a
CLJ IN REALITY WORDS-3, -4, AND -6 IN THE GRC TRANSB 129
CLJ DICTIONARY DATASET-BI (MO. 115). THEIR SPELLING TRUNSB 130
CLU HERE IS AN ARTIFACT OF THE ORIGINAL PREPARATION Or TRANSS 131
CLJ THE ROUTINE BY L. EwTNG OF GET. TRANSS 132

EQUIVALENCE (Q(3), WLO Bw I, (Q(4), WHI BN ), TRANSB 133
* (0(6), TFLAG IN ) TRANSS 134

EQUIVALENCE ( ITNTE, TAPIN ), ( LrTME, TAPOT ) TRANSB 135
C TRANSB 136

INTEGER TAPIN, TAPOT TRASSB 137
LOGICAL TRNSOPT TRUASS 138

C TRANSS 139
CLJ THE INITIALIZED VALUES OF THE NEXT FOUR PARAMETERS WILL BE TRANSB 140
CLJ RESET. FOR EXAMPLE. WSL AND WSH A5RE RESET BY DATA-FILE TRANSB 141
CLJ WAYENU?6ERS. TRANSB 142

DW - 1.E1O TRANSS 143
VDL - I.EIO TRANSS 144
WSL - 0. TRAMSS 145
WSH 0 0. TRANSB 146
IBAND , 0 TRANSB 147
LINK - LBAND TRANSA 148
IF ( TRNSOPT ) GO TO 13 TRANSB 149

C TR AUSB 150
CL.) SCAN SPECTRAL LIST TO OBTAIN BAND LIMITS AND FINEST RESOLUTION TRANSB 151

9 CALL PREV ( LINK, NBN ) TRANSB 152
IF( NPN .EQ. 0 ) GOT O 11 TRANSB 153

CLJ LINT, WOPO-5 OF GRC DICTIONARY DATASET-ON (NO. 114), IS LHV TRANSB 154
CLJ FOR LIST OF BAND-INTERVAL DATASETS-BI (NO. 115). TRANSB 155

LINT - IQ( MBN + 4 ) TRANSB 156
CLJ DATASET INDEX-.) IS USED FOR SIMPLICITY INSTEAD OF THE TRAN8 157
CLJ TRADITIONAL INDEX-NBI FOR DATASET-SI. TRANSB 158

10 CALL PREV ( LINT, J ) TRUASS 159
IF( J .EO. 0 ) GO TO 9 TRANSS 160

CL., THE ARGUMENT 3 IN THE CALL TO PUITORA CAUSES SORTING WITH TRANSB 161
CLJ RESPECT TO WL.O SN(J). TRANSB 162

IF ( ITFLAG B(3) .ME. 0. ) CALL PUTORA ( IBAND, J, 3 ) TRANSB 163
DW -MINI( DW, W-il BN{J) - WLO BN(J) TRANSB 164
WOL -AINI( WDL, WLO BN()) TR)ASB 165
GO TO 10 TRANSB 166

C TRANSB 167
C SET RESOLUTION FOR OUTPUT FILE. TRANSB 168
CL, CHOOSE 0.5 OF THE MINIMUM DW, BUT WITHIN 5 TO 50 CM-I IN ANY TRAM.S 169
CLJ EVENT. TRXNSB 170

11 DW , NAI ( , INI( .S * OW, SO. ), 5. ) TRNSS 171
CLJ INITIALIZE VARIABLES USED BELOW. DESPITE SPELLING, WK IS THE TRANSB 172
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CLI SAVED-VALUE OF THE LOW END OF BAND. TR ANS8 173
WH = WDL TRANSB 174

CLJ WIDL AND WDH ARE ThE INITIALIZED VALUES OF THE LOW AND h1GH TRANSB 175

CLJ SIDES OF A CONTINUOUS DETECTOR RANGE. TRANSB 176
WDL - I.E1D TRANSB 177
WDH , 0. TRANSB 178

LAP - 0 TRANSB 179
LIMIT - IBAND TRANSB ISO

C TRA ISB 181
CLJ SCAN BAND-LIMITS LIST (WHOSE LHV-WORD IS LIMIThIBAflD) FOR TRANSB 18?
CLJ SPECTRAL COVERING. TRJJS8 183

12 CALL NEXT ( LIMIT, J ) TRANSB 184
IF ( E .Q. 0 ) GO TO 7 TP ANSB 1?5
IF (TFLAG BN(J) .GE. 2. ) LAP =LAP + 1 TR AN SO 186

CLJ NOW UPDATE VALUES OF LOW AND HIGH SIDES OF CONTINUOUS DETECTOR TRkNSB 187
CLJ RANGE. TRANSB 18?

WDL - AI'Nl( WdOL. WLO BN(J) ) TRANSB 189
WDr - AMAX1( WOH, WHI BN(J) ) TRANSB 190
IF AMOD( TFLAG SNQJ), 2. ) .EQ. 1. ) LAP LAP - I TRANSB 191
IF C LAP .GT. 0 ) GO TO 12 TRANSB 19?

CLJ XSKIP IS NONZERO ONLY I` SPECTRAL BANDS HAVE A GAP DETWUEN TRANSB 193
CLJ THEM. TRANSB 194

XSKIP - IFIX( ( WIlL - WH ) / OW ) TRANSB 195

CLJ NOW SET THE LOWER EDGE OF THE NEW RANGE AFTER THE GAP. TRANSB 196
WH - WH XISKIP * DW TRANSB 197
GO TO I TANSB 198"

C TR AN SB 199
C SCAN SPECTRAL LIST FOR USER DEFINED TABLE RESOLUTION TRANSB 200
CLJ THIS BLOCK OF COOING IS USED 0" Y FOR TRNSOPT =.TRUE. T9ANSB 2C1I

13 CALL PREV ( LINK, NB? ) TR klSB 202
IF( NBN .EQ. 0 ) GO TO 7 TRANSB n2?

CLJ LINT. WORD-5 OF GRC DICTIONARY DATASET-BN (NO. 1141, IS LHV TRANSB 204
CLJ FOR LIST ,F BAND-INTERVAL DATASETS-Bi (40. 1151. TRANSB 205

LINT - iQ( NBN + 4 1 TRAASB 206 j
14 CALL PREV ( L!NT, 0 1 TRANSB 207

IF( J .EQ. 0 ) GO T6 13 -R ANS ? 20I
IDL = WLO 8NfJ) TRANSB ?09
WDH = -WHI BN() TRANSB 210
111 WDH - VOL TR&NSB 211
WN - WDL TRANSE 21?
IF ( W)L .LT. WSL ) RtWIND TAPIN TRANSB 213 'A
IF ( WL .t. WSL I W4 - D. TRANSB 214 11
IF WDL .LT. WSL ) L - 0. 1R"ANSB 2151

C TRANSB 216
C GENERATE COMPRESSED TABLE TkANSB 217

I WL - W'H TRANSB 21F 8i
WH = WH + OW TR1ANS8 219

CLJ ZERO THE S AND DE ARRAYS. TRANSB 220
CALL KNIT ( -100,0.. S TANSB ??2
CALL EMIT (-100, 0., DEE) TRANSB 222

CLJj OLAP WILL BE ZERO ON THE FIRST PASS AND POSSIBLY MANY PASSES TRANSB 223
CL.) UNTIL WSL.GT.W1. . TRANS? 224

2 CLAF x FPAT( -WL, WO, WSL, WSH TRANSP 225
IF ( CLAP .EQ. 0. ) GO TO 4 TQ1N5B 276

C T!.A.NSB 2?7
C ACCUMULATE SPECTRAL PARAMETERS 1RONSF 2?F
1i ThE FIRST 10 IS FOR 10 TEMPERAI'RES FOR THE FIRST SPECIES, 795ANSP 229
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CLJ NEXT 10 FOR SE'OND SPECIES, ETC. TANSS SP 3
DO 3 1-1,100 TRANSp 731
IF ( DEVI,]' .EO. 0. 1 GO TO 3 TrPA.N4S 213
DE(I,]) MDEI,X) + OLAD / DEI(I.1) TRkNSB 2i3
S(I,1) S(I.1) + OL&P * S,00(1,1) / DE0(1,I) .TRANSR 234

3 CONTINUE TRANS9 235
CLJ ON FIRST PASS, WILL DROP T)SOLEM TEST. WHEN THE TEST IS TRANSB 736
CLJ SATISFIED, ENOUG;H DATA WILL HAVE BEEN ACCUfJLATED TO COVER THE TrPANS9 237
CLJ WIDTH 15W. TRANSS ?23

4 IF ( WSH GE. WH ) GO TO S TRASB 239
C "R AIN SS 240
c BRING IN 5 C"-I TABlE PLANE TR'AN.SP 241
CLJ NOTE THAT FOR A BINARY FILE NO FORNAT IS NEEDED. READ TRANSB 24?
CLJ 2+( (IDO0)O 1)=20? WORDS AND STORE IN WSL, WSN, ETC. TRANS2 243

READ (TAPIN) WSL, WSH, ((SO[(1,.IS), 11,10 ), C EI(I,IS), 147,10 TRANSS 24e
$ 1, IS*1,10 1 TRANSS 245

CLJ NOTE THAT THE E)F FUNCTION IS USED TO TEST FOR AN END-OF-FILE TRANSE 246
CLJ CONDITION CN UNIT TAPIN FOLLOWING AN UNFORM.ATTED RrAD. ZERO TRAnSS ?47
CLJ IS RETURNED IF NO END-OF-FILE IS ENCOUNTERED, OR A NON-ZERO TRWANSB 24-
CLJ VALUE IF END-OF-FILE IS ENCOUNTERED. TRAnSB 749

IF ( E(F(TAFIN) .EQ. 0. ) GO TO 2 TR ANB ?S0
C TRANSE 71;1
C CUMPUTE COMPRESSED SPECTRAL PARAMRTERS WRANS5 252

S DO 6 1=1,100 TRA.NS5 253
IF ( DE(l,1) .M. 0. ) GO TO 6 TRANS4 254
DE(I,1) = 1. / DE(I,1) TRANSs 255
S(111) = S(II) * OF)I,]) TPANSB 256

6 CONTINUE TR ANSF ?57
TR•AINS, ?58

C WRITE COMPRESSED TABLE PLANE TRANSB '59
WRITE (TAPOT) WL, WH•,(( S(IIS), 1=1,10 ), (DE(IIS). 1=1,10 1, TRANB 2760

$ IS=I,1 1 TR A'ss 261,
CLJ THE FOLLOWING THREE STATEMENTS APE RELEVANT ONLY FOR TRNSO.T= "TRANS 76?
CL, .FALSE. . THE 'IRST WDH IS THE HIGH E1D OF THE BAND. IF TEST TR ANSS 265
CL. IS SATISFIED, DO NEXT OW IN BAND. THE NEXT TWO STATEMENTS TRANSE 264
CL. { COMPRISE AN IN!TIALIZATIDN ,JST LIKE THAT BEFORE STATEMWENT TIRANSF 265
CLU LABEL 12, OF IMPORT ONLY FOR TRNSOPT=.FALSE. TRANSE 26.

IF ( WHA .LT. WOD - .001 ) GO 0d 1 TRANSB 267
WDL - i.110 TRANSO 766
WDH = 0. TRANSB 269

CLJ NOW DO NEXT SPECTRA, INTERVAL IF T1HNSOPTs.TRUE. . OTHERWISE, TPANSP 270
CLJ CONTINUE WITH SCAN OF THE 6AND-LIMITS LIST. TRANSR 271

l7f TRNSOPT ) GO TO 14 TR•,NSR "72
"6O -m 1I TqANSB 273"C TRANSB 274

c CLEAN UP AND WETURN T'AtNSs 275
7 CALL WIPOUT ( 184710, 0 TR AN s ??6

ENDFILE TAPOT TRAASE 277
REWIND TAPOT TR ANSE k 77?
REWIND TAPIN TRANSS -)79
R ETU•N TR ANSm 270
END TRA"NS 28i
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SUO•RUTINE TRNSCO ( RX, Ry, RZ, LBINT, RADSW ) TRNSCO 2
C TUNSCO 3
CLJ *TRNSCOD ESTABLISHES THE TRANSMITTANCE ON A COMPOUND PATH TRNSCO 4
C FROM RX 10 RT TO RZ LOCATION VECTORS. TUNSrC 5
LT RYSCO 6

CLJ IF RADSWz.TRUE., SUBROUTINE ATMAD WILL BE CALLED TO PERFORM A TRNSCO 7
CLJ RAIIANCE CALCULATION. IF ONE WANTS RADSW=.TRUE., THEN lRNSCO TRNSCO 8
CLJ S9IULD BE CALLED WITH ONLY A STRAIGHT PATH AND NOT A COMPOUND PATH TRNSCO 9
CLJ BECAUSE NO ACCOUNT IS TAKEN OF THE SCATTERING EVENT AT THE POINT TRNSCO 10
CLJ RY. TRNSCO 11
CLJ TRNSCO 1?
C TANSCO 13
CLJ INPUT PARAMETERS TRNSCO 14
CLU ARGLJMENT LIST TRNSCO 15
CLJ RX(I) - LOCATION VECTOR OF POINT X. TYPICALLY BUT NOT TENSCO 16
CLJ NECESSARILY THE DETECTOR, CM TRNSCO 17

CLJ RY(I) = LOCATION VECTOR OF POINT Y, TYPICALLY BUT NOT TANSCO 18
CLJ NECESSARILY THE SCATTERING SITE, CM TRNSCO 19
CLJ RZ(I) - LOCATION VECTOR OF POINT Z, TYPICALLY BUT NWT TRNSCO 20
CLJ NECESSARILY THE SOURCE, CM TRNSCO 21
CLJ (FOR RX, RY, AND RZ 1-1.3) TRNSCO 2z

CLJ LBINT - WORD !C. 5 (LHV) IN GRC DATASET-BN (NO. 114), TIONSCO 23
CLJ LIST OF BAND-INTERVAL DATASETS (B!). TRNSCO 24
CLJ STRICTLY, LBINT IS THE POINTER (I.E., CONTAINS THE TRNSCO 25
CUJ (0-ARRAY) ADDRESS) FOR THE LIST HEADER OF THE TUNSCO 26
CtJ BAND-INTERVAL DAT

ASETS-BI CORRESPONDING TO TRNSCO 27
CLJ DATASET-BR. TRNSCO 28
CLI RADSW - INITIALIZAYION SWITCH FOR ATMOSPHERIC VOLUME TRNSCO 29
CLJ EMISSION CALCULATION. IS SET IN INPUT TO DRI'VER. TQNSCO 30
CLJ = .TRUE., INCLUDIE CALL (FROM SUBROUTINE TRNSCO) TO TANSCO 31
CLJ SUBROUTINE A1WAD TRNSCO 32
CLJ - .FALSE., BYPASS CALL TO SUBROUTINE ATWAD AND TUNSCO 33
C'J PERFORM TRANSMITTANCE CALCULATION WITHOUT AIR TRNSCO 34
CLJ EMISSION TRNSCO 35
CUJ DATASET 51 (BAND-INTERVAL DATASET, NO. 115) TRN SCO 36
CLJ QI) - BNL') BI - LOW WAVELENGTH FOR WAVEELEWGTH-PAND-INDEX TRNSCO 37
CL. J. MICRONS TRNSCO 38
CL, Q(?) • BNM4 1: - HIGH WAVELENGTH FOR WAVELENGTH-BAND- TRNSCO 39
CLU INDEX J, MICRONS TRNSCO 40
CLJ Q(3) - WLO B1 - LOW WAVENU'BER FOR WAVELENGTH-BAND-INDEX TRNSCO 4l

CLJ J. CM-i TRNSCO 42
CU Q(4) - WHI E1 = HIGH WAVENUMBER FOR WAVELENGTH-BAND- TRNSCO 43
C,3 INDEX J. C4-1 TUNSCO 44
CLJ XYZCOM COW"N TUNSCO 45
CLJ LTNTE - BINARY FILE CONTAINING BANDJODEL PARAME-TERS, TRNU4CO 46
CLJ DERIVED FROM TNE 5-(CM-1)-RESOLUTION DATA. (SEE TRNSCO 47
CLJ SUBROUTINE TUANSB WHERE TAPOT IS EQOUIVALENCED TO TRNSCO 48
CLJ LTMTE.) HERE IN SUBROUTINE TRNSCO. FILE LTHTE IS TUNSCO 49
CLJ REWOUND FOR USE IN SUBROUTINE TRANS. TRNSCO so
CLO OPTION COMMON TRNSCO 61
CLJ TRNSOPT - LOGICAL VARIABLE AFFECTING COMPLEXITY OF MOLECULAR TRNSCO 52
CLJ TRANSMITTANCE CALCULATION (SEE SUBROUTINES TRANSB TRNSCO 53
CLJ AND TRAMS). HERE, TRNSOPT IS USED ONLY IN THE RNSCD 54

CLJ ARGUKENT LIST FOR THE CALL TO SUBROUTINE TRANS, A TRNSCO 55
CLi CALL THAT OCCURS ONLY IF RADSW=FALSE., W41ICH IS TUNSCO 56
CLJ NOT THE CASE FOR TýhE NBR PODULE. TRNSCO 57

CLJ OUTPUT PARAMETERS TANSCO 5B
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CL] ý' NOTE TRUSCO 59
CL.] DESCRIPTION OF THE OUTPUT REQUIRES CARE. TR NSCO 6 0
CL] I1. IN THE (RAREI EVENT THE ?ATM SHOQLD NOT IN'ERSECT THE TRNSCO 6i.
CL.] ATW)SPN4ERE, THEN INITIALI7ED VALUES Of bWOD-5 (IT RADSM..TRUE.! TRNSCO 6?
CL.] , WORD-?, MNI) WORD-8 OF DATASE"T-BI ARE EXPLICITLY SET HERE IN TRNSCO 63
CL.] TRNSCC. To'INSCO 64
CL.] 2. IN 7HE USUAL. EVENT THAT THE PATH DOES INTERSECT THE ATMOSPHERE, TRNSCD 65
CL.] THERE MRE TWO) CASES TO CONSIDER. TRNSCO 6.6
CL.] 2.1 RADSW=.ThUE. (APPLIES TO 3311 MODULE) TRNSCO 6'

CL.] SLUBROUTINE ATiSAD IS CALLED TO) EVALUATE WaND-S, -7,. -8 OF TRNSCO 6P
Ci.] DATASET-BI. BUT THIS DATASET IS NOT CALLED HERE IN TRNSCO AND TRNSCO 69
CL.] THUS IS NOT EXPLICITLY AVAILABLE IN TUNSCO. TUNSCO 70
CL.] 2.2 RADSWI..ALSE. (DOES NOT APPLY TO NSA MODULE) TRNSCO 711
CL.] SUBROUTINE ATMRAD IS NOT CALLED. HENCE THE CALLS THAT ATMPAD TRNSCO 72
CL] NMAES TO GET THE TRANSMITTANCE MCACLAEION DONE MUST BE MADE TRFtSCO ;3

CL.] HERE IN TRNSCO_ IN THIS5 CASE WOR-7 AND WOD-B OF DATASET-SI TRNSCO 74

CL] ARE EXPLICITLY AVAILABLE. TRUSCO 75
CL. DEII

T  S OF WERD-5, -7, AND -8 OF DATASE7Y-B1 F®U)W. TRNSCO 7
CL.] ((5) - BKGfO 81 -IN-SMOD-INTERVAL RADIANCE (DUE TO TRNSCO '77
CL.] ATMCISPHERIC EMISSION) OVER THE ENTIRE TRNSCO 78
CU, PATH LENGTH (WHICH SMOULD HAVE 1-LEG TANSCO 79
CL.] AND NOT 2-LEGS). W/(CM-2 SR BAND-INT) TUNSCO 80
CI.] QM - TRANS BI -PRODUCT OF MOLECULAR APO AER09rL TWNSCO 81
CL.] TRANSMIflANCES OVER THE ENTIRE PATH TRNSCO 82
CL.] LENGTH TFN4SCO 83
CUJ Q(8) - 105BX81 -I AEROSOL TRANS9!ITTAIOCE OVER THE ENTIRE TRNSCO 84
CL.] PATH LENOGTH. TRNSCO a5

CU J NOTE *ý THIS IS A TEMPORARY USE OF COD-S (AND MDT TRN4SCO 86
CL.] THE GAC DICTIONARY USE OF WORD-8). HERE IT TR NSCO 87
CL.] USED TO CARRY INFORMATION TO SU[rOUTINE TRMSCO 8F

CL.] UPWELL, TRNSCO 89
CL.] QNNC C""C IRANSCO 9
CL.] W$CN - VARIABLE SET TO NC. SEE COPWNT ABOVE fQNCNC/. TRN SCO 91
CL.] TUNSCO 9?

DIMENSION CI5(1001, XFRAC.S(100)* INDVICiE). Rio3). RY(3), RZ(3), Th'ISC~O 93
1 TAU(1O), ABC(10) TRNS.CO 94

C TUNSCO 95;
COmmoN OnAMEA, OWDREA(1O). OFREHO, QNTST. ONLWS, 025111E, TRNSCO 96

1 ONZBLK. QZHEAD, QCDUNT(3O). QDSIZECIO). QNSIZE. QLUNIT(101. TRNSCO 97
2 QERLUN, QFBITS(2,1O1, 0(l) TRNItSCD 0 Q

COWPON / XYZCOM /ITWTE, LTMTE, US, WHSELL(B1 * TS(8lI). P5(81 ', TRNSCO V
1 XNSPEC(81.1O), ')(10.10,2), UP(1O.1O,2). ENOLS, TRNSCD 100
2 FACT TRNSCD 101

COW"I I OPTION /TRNSOPT TRNSCO 102
CL.] COMMON QNCNC AND THE LATER STATEMENT IN WHAICH NC%( IS SET TO TRNSCD 103
CL.] NC ARE ADDED TO FACILITATE BEING ABLE TO CALL THE SAI TRNSCO 10,4

CL.] UMELLING NATURAL RADIATION MODULE WITH ZERO-KILOMETER TR NSCOý 105
CL.] ALTITUDE. FOR MORE INFORMATION SEE CCM4E'4T5 PRECEDINS LABEL 'UNSCO 106,

CL.] NEJMEER 22 IN SUBROUTINE URWELL OF THAT MODULE. TUNSCO 10'
ComN/m QNCNC/ "CMc TFNSCO 108
DIMENSION BIILO 81(1). 31! 81(1), W`LD 31(1). WIn HI(1. TRNSCO 109

B*N BIM,311) TFLAG 81(l), TRANS B1(l), 1059! BICI) TRMSCO 110
EOUIYALENCE (0(1). BNLO 81 ).C (2. 31HI051 1.TRNSCO i11

*C0(0). ULO 8I I,( W4. WIl B1 ).TUNSCO 11?
*(0M.) WKGND 81 ),CQ(6, TFLAG 91 ),TRSOI ±ý13
* 0(7), TRA14S 81), O(S(). IDSB! RI )TRNSCC' 114

C TUNSCO 115
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LOGICAL, QADSw, FIRST, ThN5XDP, OI
c
C OBTAIN INTEGPArION LIST % Il?

NC * h5' iIQ
CALI. S1(05 1 ýX, Qt, 4C, DS, ICRACS. IN49X I )si Il
CALL STEFPS ( RY, RZ, Mr, DS. XRACS. tr.xTRSC
RCMqC mc TRN4SCO 1??i
1F( 40 .GT. I ) GO TO r' T-4 4 Vl ?'t

C TR'ISV n 17±
CLJ TR.NSCO 125
CUJ PATH4 DOES NOT INTERSECT ANOISPHERE. Th'J5, ONLY CPIýA1N TRNiSc? 1,78
CLJ INITAlIZATIONS ARE PERFORMED HERE IN LOOP-1O. rRsc U

LINT =8% TR44 'QSCLT 128q
10 CALL PQEVNL ( LINT, 3 ThSCO 172q

IF f J .EO. C I RETURN T411SCO 13?
IF( RADSW ) BGNET 8113) * 0. TqNSC) 13l
TRANS SF3'l = 1. T 50 13?

CUJ THE FOLLOW!4S AEWJ!'VmNL IN7!TALIZATFN IS APPROc~IA'E WwNk pNNSc? 133
CLJ THE SAI NA'URAL SACCZGPOUNO RADIATION MODULE IS CALLED WITH TpNscC' 134
CUi ZERO-K1LO#ETER Al TUOS. Th:?% Ic& 135

C ALL X-I T -1 I.,DOSSX BICJITJ Tt%SJý 136
GO TO 10 T'RSCO 12'

CLJ C~~ 13?
CU LVS 139
C PANW INTEIRSECTS A740SN1ERE TrN 140Is
CUO SET LOCIC FOR FIRST CALL TOl ATRAED AMT FIRS' FORQ FIRST CALL 'I%"iV 14,

CU ~ TO ?ATH. SET FILPOS AJET REWIN.; VILE LTWTE FOR USE IN nTRNS. 'ns
t

c 14
20 LOGIC - JRUE. 'DNY- 14?

FIRST - .TR!UE *P%5fC 144
FILPOS -1.E4 T jc' SC ja
RENIfO LTW'E NC 4
DO 31 1I1.4C TRN4SC? 14'

CLJ RECALL NHAT ETS(MCL+) =-1_0 0R4ND TkAT NC-1 N'J"TEP OF PAlW TPNS-C !40
CU1 SEGWEN'S. Tr % Z3 149

IF( DS(I-l) LT. 0. 1 GO TO 30 'I%&ZO 1 5?
C INTEGRATE PANý PROVEpIES TVN:C i

CALL PATN- I g!R5T * NYI. S'I1'1. XFRACSFI) jC 15?
I4ESNMAL EMISSION ON REQUEST TPSco 151

CUj CAITUn4 % :_ 0 1 O _
CUJ F S.USA31 

T
INE TANS:CO IS EIERCISEET ON A CONIPOIjN? PATH4 WITH 14%sc$1 153

C L ' RADSW= .TWJE.,. THE TRANSMITIANCE CALCULUtION WILL BE CO.RRECT TAN4SCO' 15A
CLO BUT NWE RADIAMCE CALCULATION WILL BE INCLORRECT BECAUSE NO TINSC? 1,,

CUJ ACCOUN' HAS SEEN TAKEN OF NE4 SCA'PIlG EVENT A' RY. yzN52' c
IF (RAPSW ) CALL A7WA$m LOGIC, 1NOV11, IFRACS'!). OS'II*). TARN Sc? 15Q

*LOINT I TV srý1 16?
3C CONTINUE T N S:-? 131

CL.) IN NBQ NOOLLE, PADSW= TRUE. SO WE ARE 7WQO')G WIN SU&J3RTINE TPNS.? 16
CL.) TRNSCOl. TAN4SC ? 163

IF (RAOSW RTLRN TIRNS2' 16!
CL.) TRNSC' 165ý

CL.? ~T-4C? 1
C~~~ LI .........fr ....... *** 4...... .... t.*.. h57" I

CLI REWANINS PORTION or THIS R'NEIS W-' UETIN NHE "R4f
CLJ S'DALN4DQ O OF OPERATIC1 THE 14RA Q ' W!N RAS-.RE 1NS?? I

CL'..... ~.............- 7

CL5 ZERO FIRST HALVES OF THE U' M, UIP ARQAYS. 'ts: 1 ,
CAIL Xh' -1'> 0., *70p I?



CALL XMIT ( -1w0, 0., UP) TRNSCO 173
CUJ SCAN SPECTRAL RAND-INTERVAL LIST. TRNSCO 174

LINT -LBINT TRNSCO 176
40 CALL PREVNL ( LINT. J TRNSCO 176

IF J E O. 0 ) RETURN TRNSCO 17?
WL W LO 81(3) TRNSC.O 178
WIH W$] 81(3) TRNSCO 179

CUJ SCT MEAN WAVELENGTH FOR CALL TO AEROSOL. TRNSCO 180
W = .5t(WL*WH) TRNSCO 181
WAVEL =1.E4/W TRNSCO 18?

C OBTAfIM TRANSMISSION FOR EACH SPECTRAL INTERVAL TRNSCO 183
CLJ GET MO3LECULAR TRANSMITTANCE AND TEMPOR~ARILY CALL IT TRNSCO 184
CUO TRANS Fl(3). TRNSCO 185

CALL TRkNS 1 10, 1, U(1.1,2). UP(I1,,), XI, WL, WH, TAU, ABC, TRNSCO 186
TRANS 81(3), TPNSOPT, FILPOS ) TRNSC0 187

CLJ INITIALIZE THE AEROSOL TRANSMITTANCE TOST TRNSCO 188
TDST = 1. 'FRNSCO 189

CLJ GET THE ALTITIJDE AT THE FIRST POINT P ALONG THE TRANSMITTANCE TRNSCO 190
CLJ PATH. TRNSCO 191

LI - INDX(I) S L2 - INDXI?) TRNSCO 192
HSP = XFRACS(1) * HSHELL(L1) + (1.-XFRACS(1)) &H3IELL(L2) TRNSCO 193
CALL AEROSOL ( HSP, NAVEL, XKSCA, XKABS, GBAR )TRNSCO 194

CLJ XKEXTP IS THE AEROSOL EXTINCTION COEFFICIENT AT POINT P, 1/CM TRNSCO 195
XKEXTP - XKSCA + XKABS TRNSCO 196
DO 5O I=1,NC TANSCO 197
IF C 05)1.1) .LE. 0. ) GO TO 60 TRNSCO 198
LI INOX(I) TANSCO 199
L2 =INDX(I.1) TRNSCO 200

CLJ GET THlE ALIITUDF AT POINT Q ALONG THE TRANSMITTANCE PATH. TRNSCO 201
F'SD - XFRACS(Ifl) * HSHELIL2(L) + ( I. - XFRACS(I+11) HSNELL(L1) TRNSCO 20?
CALL AEROSOL ( H.SQ, WAVEL, XKSCA, IKABS, GRAR ) TRNSCO 203

CLJ XKEXTO IS THF AROSOL EXTINCTION COEFFICIENT AT POINT 0. 1/Cm TRNSCO 204
XKEXTO = XKSCA + XKABS TRNSCO 205

CLJ FIND THE MEAN AEROSL EXTINCTION COEFFICIENT OVER THE PATH TRNSCO 206
CUJ ELEMENT 05(1+1) B' INTEGIRATING THE 'LOGARITHMICALLY- TRNSCO 207
CLJ INTERPOLATED VALUE OF THE EXTINCTION COEFFIC:ENT OVER 05(1+1) TANSCO 208
CLJ AND DIVIDING BY DSII~1). 111 .4SCO 209

XKEXT &ACCUM( 2. 0-, I!,S)I+1), XKEXTP, XKrXTQ', 0., 1),(!+1) )/ TRNSCO 210
* O(Iw11 TRNSCO 211

CLJ TO)ST IS THE AEROS'JL TRANSMITTANCE FROM THE START OF THE PATH TRNSCO 21?
CLJ TO TIHE BACK OF ELEMENT 9)5(1+1) TAINSCO 213

TOST = TOST * EXP) -XKEXT * 052!+1) TP.NSCO 214
CLJ RESET EXTINCTION C.OEFFICIENT OF FMEW PO!N, P TO TH.AT AT T`HE TRN SCC 215
CLI OLD POINT 0. TP NscCO 216

XIIEXTP = XKEXTO TRNSCO 217
so COINTINUE TONSCO 218

CL, IRANS BI(3) 1S NOW RESET TO BE DIAE PRODUCT OF THE MOLECULAR TPNSFO 2' C
CLJ TRANSMITTANCE FOR ALL THE SPECIES AND THE AEROSOL TANST.O 220
CLI TRANSMIT-TANCE, EACh FOR THE ENIRE PATH. 7 TNSC /cl 21

6O TRANS BIf3) - ThANS 81(3) * TOM TRNSCO 27?
CLI PRESERVE THE AEROSOL TRANSMITTANCE BY SET-TING IOSI9X 81)3). TRINSCO 22?

CALL IMIT (1,TDSTIDSBX 911I)) TANS;CO '74
GO TO 40 TP N5SC0 225
END TRNSCO 226



SURPOUTINE UNITV ( V, VXHAT 5 UNITV ?
CLJ UNIT" 3
CLJ SUBROUTINE UNITV RETURNS THE UNIT VECTOR VXHAT(I-3) ALONG UNITV 4
CLJ THE VECTOR VX(1-3). UNITV 5
CLJ UNITV 6

DIMENSION VX(3), VXHAT(3) UNITV 7
CALL VLIN ( VXHAT, I./SOT(DOT(VXVX)), VX, 0. , 0. 5 UNITV 8
RETURN UNITV 9
END UNITV 10

SUBROUTINE UPUELL ( MSM,DO,W4,DWSPCUILR,LBINT.JBAN4O UPUELL 2
CCC UPWELL 3
C SUBROUTINE UPWELL, FOR A POINT V AT EACH OF A SET OF NALTJ UPWELL 4
C ALTITUDES ABOVE A GIVEN GEOGRAPHIC POSITION, SPECIFIED IN UPWILL 5
C UPWELS COMMON (UPWLAT,UPWLONUPWALT) AND CHARACTERIZED BY UPWELL 6
C MATERIAL MSM AND PROPERTY DD(MSM), COMPUTES THE NATURAL UPWELL 7
C UPWELLING SPECTRAL RADIANCE DIRECTED TOWARD POINT V FROM UPWELL B
C POINTS P LOCATED ON THE EARTH'S SURFACE WITH RESPECT TO POINT UPWELL 9
C V AT NNADIR REPRESENTATIVE NADIR ANGLES AND NAZI REPRESENTA- UPWELL I0
C TIVE AZIMUTH ANGLES. THIS UPWELLING RADIANCE, UPRAD(I.EKL)P UPWELL 11
C INCLUDES CONTRIBUTIONS FROM (1) AIR EMISSION BETWEEN POINTS UPWELL 12
C V AND P. (2) SURFACE EMISSION AT POINT P, AND (3) SURFACE- UPWELL 13
C REFLECTED SOLAR RADIATION AT EACH POINT P. VALUES OF THE UPWELL 14
C RADIANCE UPRAD(I,J,K,L) ARE AVERAGED OVER AZIMTH ANGLES TO UPWELL 15
C GIVE UPRADA(I,JL) AND OVER NADIR ANGLES TO GIVE UPWELL 16
C UPRADN(I,L,JBAND). UPWELL 17
C ** NOTE '" SEE COMMENTS GIVEN UNDER OUTPUT PARAMETERS FOR UPWELL 18
"C THE DIFFERENT MEANING OF UPRAON(IL,JBAND) IN UPWELL 19
C *** THE GRC AND SAI VERSIONS. UPWELL ?0
CCC UPWELL 21
C THE INCLUSION OF NATURAL CLOUDS COMPLICATES THE MODELING. NO UPWELL 22
C ATTEMPT IS MADE TO INCLUDE THE DETERMINISTIC CLOUD SUBMCOEL. UPWELL 23
C THE STATISTICAL CLOUD SUBMODEL IS INCLUDED ONLY FOR ALTITUDES UPWELL 24
C ZKM EQUAL TO OR GREATER THAN THE HIGHEST ALTITIDE (12 KM) OF A UPWELL 25
C CLOUD IN THAT SUBMODEL. THE GENERAL PROCEDURE IS TO FIRST UPWELL 26
C CONSIDER A GIVEN ALTITUDE. NADIR, AND AZIMUTH. WITH THE AIR UPWELL 27
C EMISSION, ARCVA(IKM,J,L). ALONG THE LINE-OF-SIGHT (LOS) ABOVE UPWELL 28
C 12-KM ALTITUDE SERVING AS A BASE VALUE, WE OBTAIN A UPWELL 29
C DISTRIBUTION FUNCTION FOR THE ADDITIONAL RADIANCE UPWELL 30
C CORRESPONDING TO CLOUD-FREE- AND CLOUDY-LOS EXTENDING BELOW UPWELL 31
C 12-KM ALTITUDE. BECAUSE THERE ARE 159 CLOUD CONFIGURATIONS IN UPWELL 32
C THE STATISTICAL CLOUD MODEL, THIS DISTRIBUTION FUNCTION HAS UPWELL 33
C 160 MEMBERS FOR NIGHTTIME AND 161 MEMBERS FOR DAYTIME... UPWELL 34
C 159 FOR CLOUD-TOP EMISSION AND (IF DAYTIME) UPWELL 35
C CLOUD-REFLECTED SOLAR RADIATION UPWELL 36
C I FOR EARTH'S SURFACE EMISSION AND AIR EMISSION BELOW UPWELL 37
C 12-KM ALTITUDE (FOR A I.LEG CLOUD-FREE LOS) UPWELL 38
C 1 FOR EARTH'S SURFACE EMISSION, AIR EMISSION BELOW 12- UPWELL 39
C KM ALTITUDE. AND (IF DAYTIME) GROUND-REFLECTED SOLAR UPWELL 40
C RADIATION (FOR A 2-LEG CLOUD-FREE LOS. OBTAINING IN UPWELL 41
C DAYTIME) UPWELL 42
C THE LAST TWO MEMBERS ARE THE WEIGHTED CONTRIBUTIONS FOR CLOUD- UPWELL 43
C FREE-LOS CONDITIONS. (OWING TO CERTAIN SIMPLICATIONS MADE UPWELL 44
C :4 THE CLOUD MODELING, THERE ARE ACTUALLY ONLY 9 AND NOT 159 UPWELL 4s
C DISTINCT VALUES IN THE DISTRIBUTION FOR A CLOUDY-LOS.) HAVING UPWELL 46
C DETERMINED THE DISTRIBUTION FUNCTION FOR A GIVEN LOOK UPWELL 47
C DIRECTION FROM POINT V, WE FORM THE UPWELL 48
C INTEGRAL DISTRIBUTION AND COMPUTE SELECTED PERCENTILES (XXX= UPYFLL 49
C 10.25,50,90,100) OF THE INTEGRAL DISTRIBUTION, RXXX(K,L). AT UPWELL 50
C IMPLICIT AUT.-IKM, IMPLICIT NADIR-J, AND EXPLICIT AZIPIJTH-K. UPWELL 51
C VALUES OF RXXX(K,L) ARE AVERAGED OVER AZIMUTH ANGLES TO GIVE UPWELL 5?
C RXXXA(IKM,J,I). VALUES OF ARCVA(IKM.J.L1 AND RXXRAý!KM,J,L) UPWHLL 53
C ARE AVTERAGED OVER NADIR AMGLES TO GIVE ADCVNIKM I I AND UPWELL 54
C RXXXN(IKM,L). RESPECTIVELY. UPWELL 55
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C UPWELL 56
C fl* NOTE *fl SINCE THE INCLUSION OF THE INDEX JBAND WAS A UPWELL 57
C LATE CHANGE (MARCH 1980), WE ELECTED NOT TO MODIFY THE ARRAYS UPWELL 58
C ARCVN(IKM,L) AND RXXXN(IKM,L) TO PROVIDE FOR AN EXPLICIT UPWELL 59
C DEPENDENCE ON THE INDEX JBAND AS WE DID FOR THE ARRAY UPRADN(I UPWELL 60
C ,L,JBAND). THIS LIMITATION MUST BE REMEMBERED AND REMOVED IF UPWELL 61
C JBAND.GT.1 AND IF CLOUDS ARE INCLUDED, UNLESS ONE IS CONTENT UPWELL 62
C TO ADOPT THE GRC DEFINITION OF UPRAON(I,LJBAND). UPWELL 63
C UPWELL 64
C NOTE THAT IT WOULD PROBABLY BE MORE CONCEPTUALLY SATISFYING IF UPWELL 65
C ONE COULD PERFORM AZIMUTH- AND NADIR-AVERAGES FOR EACH OF THE UPWELL 66
C CLOUD CONFIGURATIONS, SO THAT ONE COULD END UP WITH A UPWELL 67
C DISTRIBUTION FUNCTION AT A GIVEN ALTITUDE INSTEAD OF AVERAGED UPWELL 68
C PERCENTILE-VALUES. SUCH A PROCEDURE WAS NOT FOLLOWEC. UPWELL 69
C UPWELL 70
C NOTE THAT THE NATURAL CLOUD MODEL DOES NOT INCLUDE AIR UPWELL 71
C EMISSION BETWEEN CLOUD TOPS AND 12-KM ALTITUDE. HENCE, SUCH UPWFLL 72
C AIR EMISSION IS NOT INCLUDED HERE. EITHER. UPWELL 73
CCC UPWELL 74
CC THE UPWELLING NATURAL RADIATION MODEL (23C) HAS NOW BEEN UPWELL 75
CC INTEGRATED WITH THE FOLLOWING MODELS.... UPWELL 76
CC AMBIENT ATMUSPHERE IA SAI/LJ UPWELL 77
rc ATMOFPHERIC AEROSOLS 1C.19.IC VI UPWELL 78
(C NATURAL CLOUDS 1D,19.ID SAI/PA UPWELL 79

ATIOSPHERIC THERMAL EMISSION 208 GET UPWELL SO
CC EARTH SURFACE CHARACTERIZATION 23A SAI/LJ UPWELL 81
CC EARTH SURFACE RADIANCE 23B SAI/LJ UPWELL 82
CC SOLAR RADIATION 23E SAI/LJ UPWELL 83
CC MOLECULAR TRANSMITTANCE 24D GET UPWELL 84
CCC UPWELL 85
C INPUT PARAMETERS UPWELL 86
C ARGUM'ENT LIST URWELL 87
C MSM - INDEX FOR CATEGORY OF SURFACE MATERIAL (SEE UPWELL 88
C SUBROUTINE ESUrAF FOR DEFINITIONS) UPWELL 89
C DO - ADDITIONAL DESCRIPTOR FOR SELECTED SURFACE UPWELL 90
C MATERIAL (SEE SUBROUTINE ESURF FOR DEFINITIONS) UPWELL 91
C W - ARRAY OF CENTRAL WAVENUMBERS, CM-i UPWELL 92
C DW - ARRAY OF WAVENUMBER-INTERVAL WIDTHS, CM-i UPWELL 93
C SPCULR - LOGICAL PARAMETER UPWELL 94
C - .TRUE. COMPUTE COORDINATES OF SPECULAR UPWELL 95
C REFLECTION POINT ON A SMOOTH UPWELL 96
C HORIZONTAL WATER SURFACE. UPWELL 97
C - .FALSE. DO NOT COMPUTE COORDINATES OF SPECULAR UPWELL 98
C REFLECTION POINT. UPWELL 99
C LBINT - WORD NO. 5 (LHV) IN GRC DATASET-BN (NO. 114), UPWELL 100
C LIST OF BAND-INTERVAL DATASETS (BI). UPWELL 101
C STRICTLY. LBINT IS THE POINTER (I.E.. CONTAINS UPWELL 10?
C THE (0-ARRAY) ADDRESS) FOR ThE LIST HEADER OF UPWELL 103
C THE BAND-INTERVAL DATASETS-BI CORRESPONDING TO UPWELL 104
C DATASET-BN. UPWELL 105
C JBAND - INDEX FOR LIST OF (BROAD) WAVELENGTH BANDS UPWELL 106
C AIRSOL COMMON UPWELL 107
C TASP(L) - AEROSOL TRANSMITTANCE FOR INCOMING SOLAR RAY TO UPWEIL 10S
C POINT P ON GROUND. L-I.NWAVEJ UPWELL lo1
C TASC(L) - AEROSOL TRANSMITTANCE FOR INCOMING SOLAR RAY TO UPWELL liD
C POINT C AT 12-KM ALTITUDE. L-I,NWAVEJ UPWELL II
C OPTINI COMMON UPWELL 11?
C RADSW - LOGICAL PARAMETER. IS AN INITIALIZATION SWITCH UPWELL 113
C FOR ATMOSPHERIC VOLUME EMISSION CALCULATION. UPWELL 114
C IS SET IN INPUT TO (DRIVER) PROGRAM DRVUPW FOR UPWELL 115
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C SUBROUTINE UPWELL. UPWELI 116
C - .TRUE. , INCLUDE CALL (FROM SUBROUTINE TRNSCO) UPWELL 117
C TO SUBROUTINE ATMRAD UPWELL 11l
C - .FALSE., BYPASS CALL TO SUBROUTINE ATIRAD AND UPOELL l1q
C PERFORM TRANSMITTANCE CALCULATION UPWELL 120
C WITHOUT INCLUDING AIR EMISSION. UPWELL 121
C OPTION COM94ON UPWEL 12??
C TRNSOPT - LOGICAL VARIABLE AFFECTING COMPLEXITY OF UPWEIL 123
C MOLECULAR TRANSMITTANCE CALCULATION (SEE UPWELL 124
C SUBROUTINES TRANSB AND TRANS). IN SUBROUTINE UPWELL 125
C UPWELL, TRNSOPT IS USED ONLY IN THE ARGUMENT UPWELL 126

C LIST FOR CALLS TO SUBROUTINE TRANS. UPWELL 17
C SOLARP COMMION UPWELL I?8
C SOLLAT - SUBSOLAR POINT NORTH LATITUDE, RADIANS UPWELL 129
C SOLLON - SUBSOLAR POINT EAST LONGITUDE, RADIANS UPWELL 130
C SOLIRR(L) (L4I,NWAVEJ) UPWFLL 131
C - SOLAR SPECTRAL IRRADIANCE AT THE TOP OF THE UPWELL 13?
C EARTH'S ATMOSPHERE AT WAVENIIMBER-INDEX L UPWFLL 133
C WATTS / ( CM*2 CM-I ) UPWELL 134
C UPWELS COMMON UPWELL 135
C UPWLAT - NORTH LATITUDE OF POINT V AT WHICH UPWELLING UPWELL 136
C RADIANCE IS COMPUTED, RADIANS UPWELL 137
C UPWLON - EAST LONGITUDE OF POINT V AT WHICH UPWELLING UPWELL 138
C RADIANCE IS COMPUTED, RADIANS t"'WELL 139
C UPWALT - SURFACE ALTITUDE OF THE SUB-V-POINT, KM UPWELL 140
C NALT(jBAND) (JBAND=I,NBANDS) UPWELL 141
C - NUMBER OF ALTITUDES ZKM FOR (P

0
OAD) WAVELENGTH- UPWELL 14?

C BAND INDEX JBAND. DEFINES NALTJ. UPWELL 143
C ZKM(IJBAND) (Ii,NALTJ, JB.ND-1iNBANDS) UPWELL 144
C - ALTITUDES OF POINT V ABOVE UPWALT AT WHICH UPWELL 145
C UPWELLINS RADIANCE IS COMPUTED, KM UPWELL 146
C NNADIR - NUMR-R OF NADIR ANGLES AT POINT V AT WHICH UPWELL 147
C UPWELLING RADIANCE IS COMPUTED UPWELL 149
C NAZI - NUMBER OF AZIMUTH ANGLES Al POINT V AT WHICH UPWELL 149
C UPWELLING RADIACE IS COMPUTED UPWELL 150
C NWAVE(JBAND) (JBAND=1,NBANDS) UPWELL 151
C - NUMBER OF WAVENUMBERS AT WHICH THE UPWELLING UPWELL 157
C SPECTRAL RADIANCE IS TO BE COMPUTED FOR (BROAD) UPWELL 153

WAVELENGTH-BAND INDEX JBAND. DEFINES NWAVEJ. UPWFLL 154
CC CLOFLG - INDEX FOR INCLUSION OF NATURAL CLOUDS UPWELL I55
CC - 0. IF NATURAL CLOUDS ARE NOT INCLUDED UPWELL 156
CC - 1. IF NATURAL CLOUDS ARE INCLUDED UPWELL 157
CC CLOFREO COMMON UPWELL 15I
CC KMODEL - INDEX (1,11) CHARACTERIZING A SET OF STATISTICAL UPWELL 15Q
CC AVERAGES OF CLOUD COVERAGE CATEGORIES, CLOUD UPWELL 160
CC TYPES, AND NUMBER OF CLOUD LAYERS FOR A GIVEN UPWELL 161
CC GEOGRAPHIC REGION. CHARACTERIZES A SPECIFICATION UPWELL 16?
CC OF CCOVER(5.11) AND CFREQ(17,4,111 IN BLOCK DATA UPWELtL 16

CC FOR KMODFL-1,lO. USEk MUST SUPPLY HIS OWN DATA UPWFLL 164
CC FOR KM'OEL-11. UPWELL 16,
CC CCOVER(ICC,KMODEL) ((ICC-1,5),KMODEL-1,I1) UPWFLL 16;
CC - FRACTIONAL OCCURRENCE FREOUENCY OF CLOUD COVFRAGE UPWELL 167
CC CATEGORY IC FOR GIVEN KMODEL UPWELL IsR

CC CLDWT COMMON UPwFLL 16Q
CC IDX - INDEX FOR LENGTH OF ARRAYS RETURNED FROM UPWFLL 170
CC SUBROUTINE CLDWT. IDX EOUALS 16r FOR A FULL SFT UPWELL 171
CC OF 15Q CLOUD-LAYER AND CLOUD-TYPE CONFIGURA

T
IONS UPWFLL i1?



cc AND IS LESS FOR A RESTRICTED SET. UPWELL 173
CC WT(I) - PROBABILITY OF CONFIGURATION-I. IOX EQUALING 160 UPWFLL 174
CC 1=1,IDX CORRESPONDS TO A CLOUD-FREE LINE-OF-SIGHT. UPWELL 175
CC TRANS(I) - TRANSFER COEFFICIENT FOR CONFIGURATION-I. IN NBR UPWELL 176
CC IIIDX-i MODULE, GEOMETRY FOR TRANSMISSION THROUGH CLOUDS UPWELL 177
CC IS NOT INCLUDED. ONLY GEOMETRY FOR REFLECTION OF UPWELL 178
CC SOLAR RAY FROM THE HIGHEST-LAYER CLOUD IN UFWELL 179
CC CONFIGURATION-I IS INCLUDED. ATTENHATION IS UPWELL 180
CC INCLUDED (WITHIN THE NATURAL CLOUD MODEL) 10 12- UPWELL 181
CC KM ALTITUDE. (I/SR) UPWELL 182
CC rMISS(I) - THERMAL SPECTRAL RADIANCE FROM THE HIGHEST-LAYER UPWELL 183
cc 1-1,101-1 CLOUD IN CONFIGURATION-I WITH ATTENUATION COMPUTED ORWELL 184
CC (WITHIN THE NATURAL CLOUD MODEL) TO 12-KM ALTITUDE UPWELL 185
DC (W/(KM**2 SR MICRON)) UPWELL 186
C QNCNC COMMON UPWELL 187
C NCNC - A VARIABLE, SET TO NC AFTER THE DOUBLE CALL TO UPWELL 18P
C SUBROUTINE SiEPS IN SUBROUTINE TRNSCO, UiDLOYED TO UPrWLL 199
C FACILITATE BEING ABLE TO USE ZERO-KILOMETER UPWELL 190
C ALTITUDE IN THE NBR MODULE. FOR MORE INFORMATION, UPWELL 191
C SEE COMMENTS PRECEDING LABEL NUMBER 22. UPWELL 192
C OUTPUT PARAMETERS UPWELL 193
C *** NOTE " UPRAD(K,L), UPRADA(I,J,L), AND UPRADN(I,L, UPWELL 194
C JBAND) ARE CLOUD-FREE RESULTS. FOR RESULTS WHICH ALSO UPWELL 195
C INCLUDE CLIUD EFFECTS FOR ALTITUDES .GE. 12 KM, UPWELL 196
C USE THE CORRESPONDING ARRAYS RXXX(K,L), RXXXA(IKM,j.L), UPWELL 397
C AND RXXXN(IKM,L). TO THESE ARRAYS ONE MUST ADD, UPWELL 198
C RESPECTIVELY. THE BASE-VALUE QUANTITIES ARCVA(IKMJ,L), UPWELL 199
C ARCVA(IKMJ,L), AND ARCVN(IKML). UPWELL 200
"C • NOTE IN THE GRC VERSION, FOR ALTITUDES EQIIAL TO 'JPJ-tL. 20i
C OR GREATER THAN 12 KM AND IF CLOUDS ARE INCLUDED. THE UPOEL_ ?,.

C ARRAY UPRAON(I.L,JBAND) IS RESET AS UPWELL 203
C UPRADN(IL,JBAND) = ROSON(IKML) 4 ARCVN(IKM.L) , UPWELL 204
C WHICH IS TRANSFERRED THROUGH UPWELS COMMON TO (THE GRC) IJPWELL 205
C SUBROUTINE UPWELT. THUS, IN THE GRC VERSION, FOR UPWELL 206
C ALTITUDES ZKM.GE.12-KM. UPRADN IS NOT THE CLOUD-FREE UPWELL 207
C RZSULT BUT THE 50-PERCENTILE OF THE RADIANCE UPWELL 208
C DISTRIBUTION FUNCTION FOR STATISTICAL CLOUDS (IF UPWELL 20O
C INCLUDED IN THE PROBLEM). UPWELL 210
C UPWELS3 COMON UPWFLL 211
C UPRAD(K.L) K'INAZI, L=I,NWAVEJ UPWELL 212
C (IMPLICITLY I=I,NALTJ. J=I,NNADIR) UPWELL 213
C (I- AND J-DEPENDENCE IS NOT STORED, SO USER UPWELL 214
C MUST PRINT UPRAD(K,L) IMMEDIATELY AFTER UP`WELL 215
C COMPUTATION IF HE WANTS TO SEE THEM). UPWELL 216
C CURRENTLY, UPRAD(K.L) AND RXXX(K,L) ARE BEING UPWELL 217
C WRITTEN IN BINAPY FORM ON LOGICAL UN!T NO. 8, UPWELL 21p
C FOR ALL APPROPRIATE ALTITUDES AND NADIRS. OPWELL 21q
C - NATURAL UPWELLING SPECTRAL RADIANCE RECEIVED UPWFLL 220
C AT POINT V (AT ALTITUDE-I ABOVE SURFACE MAT'RL UWFLL 221
C MSM) ALONG A RAY DIRECTED TO POINT P ON UPWELL 2??
C EARTH'S SURFACE (AT NADIR-i AND AZIMUITH-K), ORWELL ??I
C WATTS/(CM**2 SR CM-I) ORWELL 224
C UPRADA(I,JL) I-,NALTJ, J=1,NNADIR, L-1,NWAVEJ UPWELL 2?5
C - THE AZIMUTH-AVERAGED VALUE OF UPRAD(K,L), UPWELL ??2
C WATTS/(CM-? SR CM-I) IIRWEL L 2??
C SORCE COMMON (SOLAR COORDINATES ARE NEEDED IN SUBROUTINE UJWFLL 278
C TRANSF OF THE NATURAL CLOUD MODULE.) UPWELL ?IQ
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C NSORCE - NUNMBER OF SOURCES. SET TO 1 IN DATA STATEMENT. UPWELL 230
C HSORCE(I) - ALTITUDE OF SUN (RSUN). RSUN SET IN DATA UPWELL 231
C STATEMENT. UPIELL 232
C RSORCE(1) - RADIUS OF SOURCE. TRUE VALUE FOR SUN IS NOT UPWELL 233
C RELEVANT FOR THIS APPLICATION IN NATURAL UPIJELL 234
C BACKGROUND RADIATION MODULE. SET TO 0.0 IN UPWELL 235
C DATA STATEMENT. UPWELL 236
C THETAS - COIATITUDE OF SUBSOLAR POINT, DEGREES UPWELL 237
C PHIS - EAST LONGITUDE OF SUBSOLAR POINT, DEGREES UPIWELL 238
C TECTOR COMMON (USED HERE TO POSITION FICTITIOUS DETECTOR UPWELL 239
C AT POINT V) UPWELL 240
C DETLAT - DETECTOR NORTH LATITUDE, RADIANS UPWELL 241
C DETLON - DETECTOR EAST LONGITUDE, RADIANS UPWELL 242
C DETALT - DETECTOR ALTITUDE, KM UPWELL 243
C POSITN COMMON UPWELL 244
C POSLAT - NORTH LATITUDL OF POINT P AT WHICH LINE-OF- UPWELL 245
C SIGHT INTERSECTS EARTH'S SURFACE, RADIANS UPWELL 246
C POSLON - EAST LONGITUDE OF POINT P AT WHICH LINE-OF- UPWELL 247
C SIGHT INTERSECTS EARTH'S SURFACE, RADIANS UPWELL 248
C POSALT - ALTITUDE OF POINT P AT WHICH LINE-OF-SIGHT UPWELL 249
C INTERSECTS EARTH'S SURFACE, KM UPWELL 250
C C12LAT - NORTH LATITUDE OF POINT C AT WHICH LINE-OF- UPWELL 251
C SIGHT INTERSECTS THE 12-KM ALTITUDE SURFACE. UPIJELL 252
C RADIANS UPWELL 253
C C12LON - EAST LONGITUDE OF POINT C AT WHICH LINE-OF- UPWELL 254
C SIGHT INTERSECTS THE 12-KM ALTITUDE SURFACE, UPWELL 255
C RADIANS UP'WELL 256
C C12ALT - ALTITUDE OF POINT C AT WHICH LINE-OF-SIGHT UPWELL 257
C INTERSECTS 12-KM ALTITUDE SURFACE. KM UPELL 258
C UPWELS COMMON UPWELL 259
C IDAYV - INDEX FOR DAYLIGHT CONDITION AT SUB-V-POINT UPWELL 260
C - C; IF SOLAR ZENITH ANGLE .GT. 90 DEGREES UPWELL 261
C - I IF SOLAR ZENITH ANGLE .LE. 90 DEGREES UPWELL 262
C UPRADN(I,L,JBAND) I-1,NALTJ. L-1,NWAVEJ, JBAND41,NBANDS UPWELL 263
C - THE NADIR-AVERAGED VALUE OF UPRADA(I.J.L), UPWELL 264
C WArrS/(CM*'2 SR CM-I) UPWELL 265
C 1KM - INDEX FOR NUMBER OF ALTITUDES AT WHICH UPIJELL 266
C CALCULATIONS ARE MADE WHEN CLOUDS ARE INCLUDED. UPWELL 267
C (USED IN SUBROUTINE SURRAD) UPWELL 268
C UPWELSI COMMON UPWELL 269
C ARCVA(IKM,3,L) FOR IKM.GE.1. J=INNADIR, UPWELL 270
C L-1,NWAVEJ UPWELL 271
C - WHEN CLOUDS ARE CONSIDERED, A COMPONENT OF THE UPWELL 27?
C UPWELLING SPECTRAL RADIANCE RECEIVED AT POINT V UPIWELL 273
C (AT ALTITUDE-IKM), FROM AIR EMISSION ABOVE 12-KM UPWELL 274
C ALTITUDE, ALONG A RAY DIRECTED TO POINT P ON THE UPWELL 275
C EARTH SURFACE (AT NADIR-J AND INDEPENDENT OF UPWELL 276
C A'IMUTH-K), WATTS/(CM-2 SR CM-I) UVWFIL ^71
C ARCVN(IKM,L) FOR IKM.GE.1, L-1,NWAVEJ UPIWELL 278
C - THE NADIR-AVERAGED VALUE OF ARCVA(IKM,J.L), UPWELL 279
C WATTS/(CM2• SR CM-1) UPWELL 280
C RXXX(K.L) (XXX-1O,25,50,90,100) UPIWELL 281
C - XXX PERCENTILE OF THE INTEGRAL DISTRIBUTION OF THE UPWELL 282
C TOTAL (INCLUDING THAT FROM STATISTICAL CLOUDS) UPWELL 283
C NATURAL UPIJELLING SPECTRAL RADIANCE RECEIVED AT UPIJELL 284
C POINT V FOR WAVENUKBER-L (AT IMPLICIT ALTITUDE-IKM UPWELL 285
C ABOVE SURFACE MATERIAL NSM) ALONG A RAY DIRECTED UPWELL 286
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C TO POINT P ON EARTH SURFACE (AT IMPLICIT NADIR-J UPWELL 287
C AND EXPLICIT A2IMtTH-K). WATTS/(CM**2 SR CM-i) UPWELL 288
C -NOTE THAT RXXX(K L) DOES NOT INCLUDE UPWELL 289
C ARCVA(IKNJ,LS. UPWELI 290
C CURRENTLY, UPRAD(K,L) AND RXXX(KL) ARE BEING UPWELL 291
C WRITTEN IN BINARY FORM ON LOGICAL UNIT NO. 8. UPWELL 292
C FOR ALL APPROPRIATE ALTITUDES AND NADIRS. UPWELL 293
C RXXXA( 1KM, 3,1) (XXX=1O.25 .50,90,100) UPVELL 294
C - THE AZIMUTH-AVERAGED) VALUE OF RXXX(K.L), UPWELL 295
C WATTS/(CM-02 SR CM-i) ORWELL 296
C RXXxN(IKM,L) (XXX-1O,25,50,90,iao) ORWELL 29?
C - THE NADIR-AVERAGED VALUE OF RXXXA(!KM,JL), ORWELL 298
C WATTS/(CN-2 SR CM-I) UPWELL 299
C FLAGS COMMONh UPWELL 3003
C ITFLAG - FLAG INDICATING THE DIURNAL CONDITION AT POINT V'. ORWELL 301
C FOR USE BY SUBROUTINE CLDWT IN THE NATURAL CLOUD ORWELL 302
C NODULE. UPWELL 303
C *0, SUN IS BELOW THE HORIZON URWELL 304
C 1,SUN IS ABOVE THE HORIZON UPWELL 305
C SANDD COPOENl URWELL 306
C XS, - EARTH-CENTERED CARTESIAN COORDINATES OF THE SUM. UPWELL 307
C YS, (KM) UPWELL 308
C 25 ORWELL 309
C XD, - EARTH-CENTERED CARTESIAN COORDINATES OF THE ORWELL 310
C YD, FICTITIOUS DETECTOR AT POINT V. ORWELL 311
C ZO (KM) ORWELL 312
C UL. - DIRECTION COSINES OF POINT P FROM POINT V. UPWELL 313
C VI, ORWELL 314
C WL URWELL 315
C UPWELS2 COMMON URWELL 316
C JEAND1 - SAME AS JEAND. BUT MADE AVAILABLE TO SUBROUTIN4E UPWELL 311
c SURRAD TO FACILITATE PRINT. ORWELL 318
CC, ORWELL 319

COMMON OBLNKQ(89), 0(1) URWELL 320
EQUIVALENCE (Q,IQ) UPHELL 321
DIMENSION 10(l) ORWELL 322
DIMENSION ONLO 81(1), BNHI 81(1). WLD 81(1), WH! BIM1, URWELL 323

*BKGND BI(1), TELAG BI(1). TRANS 81(1), IDSBX 81(1) URWELL 324
C ~-SEE SUBROUTINE ATWMAD FOR DEFINITIONS OF DATASET 81 ORWELL 325

<QýVALENCE (Q(1), 3BNL 81) q(2Q . ANHI B1) UPWELL 326

(Q(5). BKGND BI ).(Q(6), WIMBI )1 URWELL 328
* Q(7), TRANS 8I1, 0(8), 10581 B1I UPWELL 329

DiMt#,SION RP(3),RC(3),RV(3),TAU(1O),ONEGAT(13),WW(1O).DW(1O) ORWELL 330
DI4EN;-ICN DD(7),RAD(12),UPS(1O.1,1O1l).UPS(lo,1O,ll), UPWELL 331

I UCS(1O,1O) ,UPCS(10,10), ORWELL 332
iUPV(1O,1O) *UPPV(10.10), UPWELL 333

s UCV(1O,1O) .UPCV(1O,10). ORWELL 334
$ USPV(1O.1O) ,URsRV(lo,1O). ORWELL 335

SUSCV(1O,10) URSCV(lO,1O) ORWELL 336
DIMENSION TAPV(lO),rRPV(lO),nTSPv(lO5,TmSPvU1),AEPv(1o) ORWELL 337
DIMENSION TACV(1O).TTrCV(1O),TTSCV(lO).THSCV(1O),AECV(10) ORWELL 338
DIMENSION ABC(1O) UPWELL 339
DIMENSION WTC(162),UPRAOC(162),UPRDC1(162) ORWELL 340
COMMCN/OPTION/ TRNSORT IIRWELL 341
COMMON I OPTINI / RADSW URWELL 342
COMMION/ QNCNC/ NCNC URWELL 343
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COW9JNIAIRSOLI TASP(1O).TASC(1O),TAFP(1O) AIRSOL 2
COMIJNICLOFREOI K2ODELCCOVER(5.II).CFREQ(17,4,11) CLDFREO 2
COMMCNICLOWT/ IDX,WT(161),ThMNS(161),EMIsS(161) CLDBUG I
C09'VN/POSITN/ POSLAT, POSLON, POSA&T ,SPCLAT, SPCLON POSITN ?

*Cl2LATCI2LON,CI2ALT POSITh 3
COMMON ISANOO/ XSYSZS,XD,YD,ZD,UL.VLyWL SAMODD 7

C SAT'S ISORCEI DIFFERS FROM GRC'S. 24APR80 2
COMMON/ SORCEI NSORCE,HSORCE(1).RSORCE(1),THETAS,mIIS KOMATh4 1
COW'V3N/SOIARP/ SOLLATSOLLON.SOLIRR(IO) S3LARP 2
COW*JN/TECTOR/ OETLAT.OETLON.OETALT,OETZENOETAZI(II) TECTOR 2
CO*1ON/UPWELS/ UPWALT,UPWLONUPVLATNALT(5).ZKM(13,5),VNlAOIR.NAZI, UPWELS 2

* PWAVE(5) ,IOAYV,CLDFLGUPRADtI(13,1O,5) ,WV(1O .5),* KM, UPWELS 3
* BADOS UPWdELS 4

COMMON/UPWELSI/ UPWELS 5
2 ROIO(6,1O),ROIOA(6,10,10),ROION(6,10), UNWELS 6
3 ROZS(6,10),RO2SA(6,1O,1D),RO2SN(6,lO), UPVELS 7
4 ROSO(6,10),ROSOA(6.1O,10),ROSON(6,1O). UPWELS B
5 R090(6.1O),RO9OA(6 10,10),RO9ON(6,10), IJPWELS 9
6 RIOO(6,TO)1,RlOOA(6,1O,10),R100jN(6,l0) URWELS 10
7 ,ARCVA(6,1O.10).ARCVN(6,10) UPWELS 11
COPKOINUPWELS2/ JEMNDl XVZCON" 2
COWMON/UPWELS3f UPRAO(6,IO),UPRAOA(13,1O,10) XYZCOM 3
COMMON/ XYZCOMl ITMTE,LThTE,MS,HSHiELL(81),TPX(81,12), XYZCOM 4
1 U(1O,10,2),UP(10,1O,2),NMOLS,FACT XYZCOM S

C WA'S /FLAGS/ DIFFERS FROM GRC'S. 24APR80 1
COMMON/ FLAGS! ITFLAS FLAGS 2
LOGICAL SPCULRSPCLRX.RAOSWTrRNSOPT URWELL 356
DATA PI.RE I 3.1415926;33590,6.37103E+03 I UPWELL 357
DATA NSPECS,NTEMP / 113,10 / UPWELL 358
DATA NSORCE, RSORCE(i) / 1. 0.0 1 UPWELL 359
DATA RSUN / 1.495979E.08 / UPWELL 360

CCC UPWELL 361
cc SET .380401 IN COMMON /UPVELSZI TO FACILITATE SOME PRINT IN UNWELL 362
cc SUBROUTINE SJRRAD. UPWELL 363

.380401 38040N UPWELL :,64
CCC UPWEtI 365
cc SET VARIABLES IN TECTOR COMMON FOR INITIAL POSITION OF UPWELL 366
cc DETECTOR AT SUSPOINT V', FOR USE IN DETERMINING THE REFERENCE UPWELL 367
cc AZIMUTH ANGLE. UPWFLL 368

DETLAT -UPWLAT UPWELL 369
DETLON - UPWLON UPWELL 370
DETALT - UPWALT UPWELL 371

cc SET REFERENCE AZINUTHi, REFAZI, TO BE THIAT OF THE SUBSOLAR UPWELL 372
cc POINT WITH RESPECT TO POINT V IF SUN IS ABOVE THE HORIZON AT UPWELL 373
cc SUBPOINT V' OR ZERO OTHERWISE. UPTILL 374

PID02 P1/2. UPUELL 375
REFAZI - 0.0 UPWELL 376

cc IS SUN ABOVE THE HORIZON AT SIJBPOINT V'? UNWELL 377
SINSIN - SIN(OETLAT)*SINCSOLLAT) UPWELL 378
COSCOS - COS(DETLAT)*COS(SOLLAT) UPUELL 379
CSS0LZ - SINSIN + COSCOSWCS(OETLON-SOLLON) UPWELL 380
WDAYV - 0 UPWELL 381

cc UNTILL 382
cc WHEN (A) CORE IS PRESET TO MON-ZEROS AMD (B) SLIM IS BELOW UPWELL 383
cc THE HORIZON, WE NEED TO SET THE SOLAR COORDINATES TO ARBITRARY UPWELL 384
cc VALUES SO THAT SUBROUTINE SGEOW (CALLED FROM EMISSF, CALLED ORWELL 385
cc FROM CLOWT, CALLED FROM UPWELL) WILL NOT ABORT IN TRYING TO UPWELL 386



cc COMPUTE SOURCE GEOMETRY EVEN WHEN WE DON'T WANT IT. UPWELL 387
XS = O. $ YS 0. $ ZS 5 0. UPWELL 388

cc UPIELL 389
IF( CSSOLZ.LT.D.O ) GO TO 10 UIwELL 390
IDAYV I UPWELL 391

CC DETERMINE AZIMUTH OF SUBPOINT S' Of SUN BY USING A MODIFIED URWELL 392
CC HARC SUBROUTINE GEOREA. NOTE THAT GEOREA CALLS A HARC ROUTINE UPWELL 393
CC GEOXYZ WHICH WE HAVE RENAMED GEOTAN TO DISTINGUISH IT FROM UPWELL 394
CC THE SAT ROUTINE GEOXYZ. UPWELL 395

DALTCM - 1.OE'Of5*OETALT UPWELL 396
CALL GEOREA(DALTCM.P102-DETLAT.DETLON,.OPIOD2-SOLLATSOLLON, UPWELL 397
S SR2I,EL21,REFAZI) UPWrLL 398

CC NOW HAVE REFAZI. ALSO HAVE UNNEEDED SR21 AND EL21. UPWELL 399
CC GET EARTH-CENTERED CARTESIAN COORDINATES OF SUN FOR SGEOM. UPWELL 400

CALL GEOXYZ(RSUN,SOLLATSOLLON,XSYS,ZS) UPWELL 401
CC SET COORDINATES OF SUN INTO SORCE COMMON FOR TRANSF. UPWELL 402

HSORCE(I) - RSUN UPWELL 403
THETAS - (PID?-SOLLAT)* t

BO./PI UPWELL 404
PHIS - SOLLON*I80./PI UPWELL 405

CC UPWELL 406
CC ZERO ARRAYS USPV, UPSPV, USCV, AND UPSCV USED LATER TO UPWELL 407
CC PRESERVE PATH PARAMETERS FOR THE PATHS SPV AND SCV. UPWELL 408

CALL XMIT ( -100, 0., U SPV ) UPWELL 409
CALL XNIT ( -100. 0., UPSPV ) UPWELL 410
CALL XMIT C -100, 0., U SCV ) UPWELL 411
CALL XNIT ( -100, 0., UPSCV ) UPWELL 412

CC UPWELL 413
10 CONTINUE UPWELL 414

CC UPWELL 415
cc SET ALTITUDES OF ALL POINTS P (TO BE VIEWED FROM POINT V) UPWELL 416
CC EQUAL TO THE SURFACE ALTITUDE OF THE SUB-V-POINT. UPWELL 417

POSALT - UPWALT UPWELL 419
PALTCM - I.OE*"5*POSALT UPWELL 419

CC IKM = INDEX FOR THE NUMBER OF ALTITUDES AT WHICH NATURAL UPWELL 420
CC CLOUDS HAVE BEEN INCLUDED IN THE UPWELLING RADIANCE UPWELL 421
CC CALCULATION (REQUIRED BECAUSE CLOUDS ARE INCLUDED ONLY FOR UPUELL 422
CC ALTI'.-UDES ZKN EQUAL TO OR GREATER THAN 12. KN). UPWELL 423

IKM - 0 UPWELL 424
CC BEGIN LOOP OVER NALTJ ALTITUDES. UPWELL 425

NALTJ - NALT(JBAND) UPWELL 426
DO 80 I-1,NALTJ UPWELL 427

CC IIP.JJPKKP.LLP ARE THE LOOP INDICES USED IN THE CALL TO UPWELL 428
CC SUBROUTINE SURRAD WITHIN THE WAVENUMBER LOOP. UPWELL 429

lIP = I UPWELL 430
IF( ZKNWIJBAND) .LT. 0.001 ) ZKM(I,J9AND) - 0.001 UPWELL 431
DETALT UPWALT * ZKM(I,JBAND) UPWELL 432
DALTCM 1 I.OE+O5*DETALT UPWELL 433

CC GET EARTH-CENTERED CARTESIAN COORDINATES OF POINT V. UPWELL 434
CALL GEOXYZ(DETALT,DETLAT,DETLON.RV(I),RV(2),RV(3)) UPWELL 435

CC GET EARTH-CENTERED CARTESIAN COORDINATES OF DETECTOR FOR SGEO" UPWELL 436
XD - RV(1) UPWELL 437
YO - RV(2) UPWELL 438
ZD - RV(3) UPwELL g39
CALL VLIN(RV,1.OE+O5,RVoO.O,O.O) UPWELL 440

CC FOR ALTITUDE DETALT, OETERMINE FRACTION OF 2*PI SOLID ANGLE, UPWELL 441
CC OMEGAT, THAT IS SUBTENDED BY THE TANGENT CONE WITH VERTEX AT UPWELL 44?
CC POINT V. FIRST, COMPUTE SLANT RANGE, SRT, OF TANGENT RAY UPWELL 443
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CC FROM POINT V. UPWELL 444

SRT - SORT( (2.-RE+DETALT)*DETALT) UPVELL 445
CC COMPUTE COSINE OF NADIR ANGLE, CBETAT , COS(BETAT), CORRES- (JPWELL 446
CC PONUING TO TANGENT PAY. UPWELL 447

CRETAT = SRT/(RE+DETALT) UPWELL 448
OMEGAT(I) = 1.0-CBETAT UPtLL 449

CC IT MAY NOT BE NECESSARY TO SAVE THESE SOLID ANGLE FACTORS. UPWELL 4!3
CC CLOFG1 - FLAG CONTROLLING A TEMPORARY ASPECT OF THE UPWELL 451
CC CLOUD-RELATED CALCULATIONS. CLDFGl IS ALWAYS 0.0 IF UPWELL 452
CC CLDFLG = 0.0 BUT MAY BE 0.0 OR 1.0 IF CLDFLG - 1.0 . UPWELL 453
CC CLDFG1 IS sET TO 0.0 JUST BEFORE THE TEST ON ALLOWED IPWELL 454
CC ALTITUDES AND MASTER FLAG (CLDFLG) FOR INCLUSION OF CLOUDS LDWELL 455
CC AND IS RESET TO 1.0 JUST AFTER THIS TEST. UPWELL 456
CC CLDFGI CONTROLS THE CALCULATION OF (A) CFPV IN NADIR LOOP, UPWELL 457
CC SINCE CFPV IS INDEPENDENT OF AZIMUTH BUT DEPENDENT ON NADIR UPWELL 458
CC AND HENCE ALTITUDE, AND (B) VARIOUS CLOVD-FZLATED OUANTITIES UPWELL 459
CC IN WAVENUICER LOOP. UPWELL 460
CC - 1.0 ALLOWS CALCULATION ON FIRST PASS. UPWELL 461
CC = O.0 BYPASSES CALCULATION ON LATER PASSES OR UPWELL 462
CC BYPASSES CALCULATION ON ALL PASSES IF CLDFLG-0.O. UPWELL 463

CLDFG1 - 0.0 UPWELL 464
IF( (ZXM(I,JBAND) .LT. 12.0) .OR. (CLDFLG .EQ. o.0) ) GO TO 17 UPWELL 465

CCC UPWELL 466
CC r** GOT HERE FOR CLOUDS, DAY OR NIGHT 4- tlf,-ln -*fl-- ULJWELL 467

IKM - IKM+1 UPWELL 468
CLDFGI = 1.0 LJPWELL 469
IF( IKM.GT.1 ) GO TO 17 UPWELL 470

CCC LJPWELL 471
CC -- GOT HERE FOR CLOUDS, ZKM(IJBAND) - 12.0 KM *h****fl**fl-tt UPWELL 472
cc SET ALTITUDES OF ALL POINTS C (TO BE VIEWED FROM POINT V) UPWELL 473
CC EQUAL TO 12-KM. UPWELL 474

C12ALT = 12.0 UPWELL 475
CALTCM - I.OE+O5*C12ALT UPWELL 476

cc THE NATURAL CLOUD MIDEL (NCM) FUNCTION CFLOSF(ICC,CHI) UPWELL 477
CC COMPUTES THE PROBABILITY OF A CLOUD-FREE LINE-OF-SIGHT UPWELL 478
CC (CFLOS), GIVEN THE CLOUD COVERAGE IN TENTHS (ICC-1(1)11) AND UPWELL 479
CC ZENITH ANGLE CHI (DEGREES). HERE, WE WANT CFPS. A MEAN U'WELL 480
cc PROBABILITY OF A CFLOS FROM POINT P TO THE SUN, OBTAINED BY UPWELL 481
CC AN AVERAGE OVER THE NCM CLOUD-COVERAGE VALUES OF 0,3,,8, AND UPWELL 482
CC 10 TENTHS, OCC'RRING WITH PROBABILITIES CCOVER(I,KMPDEL) UPWELL 483
CC (1=1,5). FOR A SELECTED VALUE OF KNOBEL. WE ASSUME THE SOLAR UPWELL 484
cc ZENITH ANGLE SOLZ AT THE SUBPOINT V' iS AN EXCELLENT APPROX- UPWELL 485
CC IMAT'ON TO THOSE AT ALL POINTS P. UPWFLL 486

IF( IDAYV .EQ. 0 ) GO TO 17 UPWELL 487
CCC UPWELL 488
cc *-- GOT HERE FOR CLOUDS, DAY . .......... ...**** * UPWELL 489

RTD - 180./PI UPWELL 490
SOLZ - RTD'ACOS( CSSOLZ ) UPWELL 491
CFPS = CCOVER(I.KNODEL)*CFLOSFII,SOLZ) UPWELL 49?

I + CCOVER(2,KNODEL)*CFLOSF(4,SOLZ) UPWELL 493
2 + CCOVER(3,KNODEL)*CFLOSF(6,SOLZ) UPWFLL 494
3 + CCOVER(4.KWIDEL)'CFLOSF(9,SOLZ) UPWELL 495
4 + CCOVER(S.KNODEL)*CFLOSF(11,SOLZ) UPWELL 49C

cc THE ABOVE CALCULATIONS ARE DONE ONLY FOR THE FIRST UPPWEL"L 497
CC ALTITUDE AT WHICH A CLOUD CALCULATION IS DONE. UPWELL 498
CCC UPWELL 490

17 CONTINUE UPWELL 500
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CC • GOT HERE FOR DAY OR NIGHT, REGARDLESS Of CLOUDS ',,,,• ' UPWELL S01
CC UPWELL 502
CC PREPARE TO L00O OVER KNNAnIR NADIR ANGLES CORRESPONDING TO U!VELL 503
CC FRACTILES OF OWEGAT, FRCTL. U#W!.LL 504

F *N - NNADIR LNWELL 505
DO 70 J-.,NNAOIR UPtWELL 506
JJP - J UPWELL 507
Fj - j M3UWELL 508
FRCTL - (F3-O.5)/FNN UPWEL!. 509

CC VMP•UTE NADIR AISLE BETA CORRESPONDING TO FRACTILE FRCTL. UPWELL 510
BETA - ACO( 1.O-FICTL*WMEGAT(I) I UPWELL 511

c COMPUTE ZENITh ANGLE, CHI, OF POINT V VIEWED FROM POINT P UP(WLL 512
CC (THE INTERSECTION POINT AT THE EARTH'S SURFACE OF THE RAY 1PWELL 513
CC FROM POINT V AT NADIR ANGLE BETA). UPWELL 514

CHI - ASIN(M(1.O-.DETALT,fRE)*SIN(BETA)) UPWELL 515
CC COMPUTE THE EARTH C-NTRAL ANGLE, ALPHA, SUBTENDED BY POINTS P UPWELL 516
CC AND V. UPWELL 517

ALP-A• - CHI-BEETA UPWELL 518
IF( CLDFG1 .EQ. 0.0 ) GO TO 20 UPWWELL 519

CCC UPVELL 520
CC G07 O7HERE FOR CLOUDS, DAY OR MIGHT ----------------- *UPWELL 521
CC COMPUTE ZENITH ANGLE, CHIC, OF POINT V VIEWED FROM POINT C UPtWELL 522
CC (THE INTERSECTION POINT AT THE 12-KM ALTITUDE SURFACE OF THE UPWELL 523
CC RAY FROM POINT V AT NAOIR ANGLE BETA TO POINT P). UPWELL 524

CHIC - BETA UPWELL 525
IF( DETALT .GT. C12ALT ) CHIC - ASIN( ((REq)ETALT)/(RE4Cl.ALT))- UPRELL 526

$ SIN(BETA) ) UPWELL 527
CC COMPUTE IhE EARTH CENTRAL ANGLE. ALPHAC, SUBTENDED BY POINTS C UPWELL 528
CC ANO V. ALPHAC IS USED LATER. UPWELL 529

ALPHAC - CHIC - BETA UPWELL 530
CC EXPRESS CHI IN DEGEES (CHID) AS REQIIREb FOR INPUT TO UPWELL 531
CC SUBROUTINE CLODT. UPWELL 532

CHID - CrI * RTD UPWELL 533
20 CONTINUE U.WELIL 534

CC UPWELL .33
CC PREPARE TO LOOP OVER NAZI AITPUTH ANGLES. RESET MAIMIYUM UPILL 536
CC NUMER OF AZIMUTH ANGLES, NAZI, TO BE I IF IDAYVO OR MS6=1. UPNELL 537

IF( (IDAYV.EQ.O) .OR. (MSN.EQ.1) ) NAZI - 1 ,jELL 538
CC INITIALIZE AZIMJTH ANGLE. UPutELL 53?

PIDNA - PIIFLOAT(NAZI) UPWELL 540
AZI - RtFAZI-O.SPIDRA U"WELL 541
DD 60 K=1,NAZI 0'WWE LL 542
KKP - X UPWELt 543

CC b
0 WLL 544

CC ALLOW SL SPECULAR REFLECTION POINT TO BE COMPUTED ONLY ONCE UPWELL 545
CC PER ALTITUDE. HOWEVER, IF !DAYNWO OR MSM.NE.2 WE 00 NOT UPWELL 546
CC COMPUTE SPECULAR REFLECTION POINT AT ALL. :DWELL 547

SPCLRX - SPCULR A.D. I(,.K).EQ.2) U.WELL 548
IF( (IAYV.EQ.O) .OR. ("SI.NE.2)) SPCLRX - .FALSE. UFWELL 549
AZI - AZI÷PIMe'A UPWELL 5so

CC UPWELL 551
CC NUST SET LATITUDE AND LONGITUDE OF POINT P IN POSITN WfIMN. UPWELL 55W
CC USE REVISED MARC SUBROUTINE ASAGEO WITH POINT 1 BEING POINT V UPUELL 553
CC MAN POINT ? BEING POINT P. UPWE' L 554

CALL ASASFO (DALTCM,PPID2-DETLAT, OETLM.AZIALP4A,PALTCM, PSCLAT, (SWELL 555
$ POSLON) UPWELL 556

POSLAT - PID2-PSCLAT UPWELL 557
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cc NOW HAVE LATITUDE ANDIP tNGITLJDE Of POINT P. UW'tu sss
cc GET EARTH-CENTERED CARTESIAN COORDINATES OF POINT P. UP'WELL 5S9

CALL &EOIYZ(POSALT.PQSLA7,POSLOM,PP(1),RP(2),RP(3)1 URWELL 560
cc SET DIRECTION-COSINES Ut. Vt, AND Wt. Or POINT P FROM POINT V. URWELL 561

tiL * RP(1I-XD UPWIELL 562
VI. - RP,21-YO UPWELL 563
WI - RP(3)-ZiD UNFItE 56A
RRI = 1.0/SQATf UtflhL + YtL*V WL*WL ) RWLL 565
131. - U'*RRI UrWELL 566

YL-VL*RRI UPWCELL 567
WI. - W1*RRI UPWELL 566
CALL VLIN(RP',1.OE-O5,RP,D.O,0.O) URWELI. 569

cc UNELL 570
IF( CLDFGI .EQ. 0.0 ) GO TO 21 UPUIELL £71

CCC UPWELL 172
cc GOT HERE FOR CLOUDS, DAY OR MIGH[T f**tt*****'-4* UPWELL 573
cc FOR POINT C, SET LATITUDE AND LONGITUDE IN POSITN COMMN AMD0 UPWELL 574
cc ALSO GET EARTH-CENTERED CARTESIAN COORDINATES. URWELL 575
cc IF POINT V IS Al 12-KM ALTITUDE, POINT C IS AT POINTYV. UPWELL 576

C12LAT DETLAT S C12LON - DETLOM UPWELL 577
RC(1) =RV(1) S AC(?) - RY)?) S RC(3) - RV(3) UPWELL 578
IF) DETALT .EQ. C12ALT ) GO TO 21 UPWEL'L 579

CC **' GOT HERE FOR CLOUDS. DAY OR NIGHT, ZKM(I,JEAND) .GT. 12.0 -l UP.WELL 580
CALL MGAGEOfDAtTCM, PT 2-DETLAT.DETLON,AZI ,ALPHAC,CALTCM.CCLAT, UPWELL 581

$CIltON) UPWELL 582
C12LAT - P102 - CCLAT UPW`ELL 583
CALL GEOXYZ{C12ALT.C1?LAT CltON.RC)I),RC(2),RC(3)) UPWELL 584
CALL Vt1N(RC,1.OE.O5,RC.O.O.O.O) URWELL S55

21 CONTINUE UPWELI. 596
Cc UPSELL 587
cc SET FILPOS FOR CALL TO TRAMS. JP'AELL 586
cc FILPOIS PLAYS NO ROLE IF TRNSOPT .EQ. TRUE AND (AS SHOULD BE UPPE LjL 599
cc THE CASE) ONE USES THE SAME SPECTRAL LISTS AS ARE USE!D By UPWELL 590
cc TRAMSB IN PREPARING TAPOTzLTW4TE. HCWtVER,IF TRNSOPT .EO. L*Wv!Li L 91
cc FALSE. FILPOIS IS USED TO ACHIEVE NECESSARY REWINDS OF TAPOT UPWELL 592
cc AND AVOID UJNECESSARY REWINDS. UPWELL 593

FILPOS - 1.DE.O4 j3PW E~ 5 04
cc U#WE LL 595
cc START LOOP OVER WAYENUMtERS. LIPWELL 596

IWAVEJ - 4WAVE(JBAND) UPWELL 59?
DO 58 L-.1WAVEJ UPWELL 599
LLP - L. UPWIELL 599

cc UPWELL 6T0
cc THE5 VARIABLES IJKL AND IKMJKL, NOT USED IN THE GAC VERSION, UPWEI.L 601
cc ARE USED IN THE SAl VERSTON TO FACILITATE PRINT STATEMENiTS. UNWELL 602

IJI(L - 1I.J3+K L I UPWELL 603
IKMKXL - IKM 4 J K + L UliE FL L 6C

cc U-'WELL 605
ZLAM - 1.OE-04/WQ(L) UPWEI.L 60ý6
WDL - WW(L) -D.5OU(L) UPWrM. 607

*O -AL WO O.Y*DM(L. UDWELL 60F
CALL S1JRRA0'2.NSM,OD.SS'CLRX.1IP.JJP.KKP,LLPZLM.O ,RAD.UPS,UPPS. U-WE'LL 609

S UCS,UtPCS' UPWFLL 6,10
cc. NOW HAVE AT POINT P ON THE EARTH'S SURFACE THE EN"InED UPWFLL 611
C1C RADIANCE PA! -1) A4L. 0IF IDAY-, AW' IDAV'J4I) EHE (UNA1TENUATEDý UPWELL 51?ý
cc WEL!.CTZE0 RADIANCE Di SOLAPr RADIATIrA RAD(?1ý AN) T71* PATH UPW¶L1.L 613-

PARANET[R5 UPS(IT.N,1' ANDl UPPSIkIT.,NI) FOR Yh 0"N SLRUUL 614
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cc RAY. ALSO HI~VE AEROSOL TRANWSMITTANCE (TASV(LI) THPOL'GH A'Dr0L UPWELL 615
cc COMMON FOR PATH FRCM S TO P, WHICH WILL BE USED LATER. ALSO UP10 L 1 6101
cc HAVE AT POI'tT C THE PATH PARAMýETERS UCS(IT,N) A14D UPCS(ITN' LPWF LL 6V'
cc FOP THE INCOMING SOILAR RAY AND THE AEROSOL TAANSWITTANCE UP'WEL L 6!5
cc (TASC(L)) Tr4RDUGH AIRSOL CO0*2N FOR PATH S Tn C, ALSO USED UPsIELL 619
cc LATER. THE PATH. PA.RAMETERS MRE CODMUTED ONLY FOR L-1, BUT 'UPWE LL 620
CC TASPML AMD TASChA~ ARE COWPUTEO FOR L-1 AWAVEJ. WE WILL SOON U

0
WELL 521

cc GET SI*# OF fl! ATTENUATED RADIANCE EMITTED FROM SURFACE AND UPW'ELL 62??
cc (21 ATTENLUATED ATMOSPHERIC EMISSI^N BETWEWN POINTS y AND P. UPWELL V2
cc TEMPORWRILY USE UPRAD(KL) FOR THIS Sum WHICH IS INDEPENDENT UPWELL 626d
cc OF AZI4IJTH. UDWELL 625
CCCC tJPWELL 625

IF( K GT. I )GO TO 30 URWELL 627
cc NEED CALL TRNSCO DONLY ON FIPST WAVENIWER BECAUSE TRNSCO UPWELL 6??
cc INTERNALLY LOOPS OVER THE WAVENLMBER LIST. UPWELL 6?Q

IF( L AT. I ) GO TO 2? UPWELL 630
CCC UPUELL 631
cc GOT HERE FDA DAY OR NIGHT, REGARDLESS OF CLOUJDS t~ttt*llUPWELL 63?
cc FOP SOME APP'LICATIONS IT IS DESIRABLE TO HAVE SUBROUTINE UPWELL 633
cc ORWELL RESULTS COPRESPONDINS TO ZKw.C.O, EVEN THO)UGH THf UPWEL L 636
cc ROUTINE WAS NOT ORIGINALLY DESIGNED TO BE CALLeD WITH ZVM-O. ORWELL 63S
cc TO CIRCINMVENT T4iS DIFFICULTY, WE DEVELOP A PSEUDO %ERD- UPWFLL 636
cc ALTITUDE ALGORlERM WRICH EXPLOITS THE FEATURE OF SUBROUrTINE UPWELL 637
cc STEP WHEREIN IT IDOES NOT COMPUTE PATH4 ELENNTS LESS THAN 10 UPWELL 638
cc METERS IN4 LENGTH. THUS. IF THE TOTAL PATH IS LESS THAN 10 UrPWELL 63ý.
cc METERS. THEN SIMPOfUTINE STEP SETS NC TO ZERO. WE DETECT SUCH UPhEfLI 640
cc A CONDITION BY SETTING A NEW VARIABLE MN0C EQUAL TO UC AFTER UPWELL 661
cc THE DOUBLE CALL TO SUBROUTINE STEPS IN SUBROUITINE TVýNSCO AND, O~rWELL 64?
cc CARRYING NCNC TO UPVELL VIA O)NCNC CDAMq0N (KN0OWN ONLY TO TRNSCO UPSELIL 663
cc AND LIPWELL I. WE MUST ALSO RECOGNIZE THAT SURROIITINE ATWAZY UPN¶LL 6d4
cc NORM(ALLY PERFORMS TWO OPERATIONS FOR (NC.GT.11 W1HICH ApRE NOT  

VRWELL 6645
cc PERFORMED FOR (N&.LT.21. THESE DPERAT.P'S ARQF (II REWIND0ING 11DWELL E166
cc LTNTE AMD (,2) ZEROING THE SECOND 'HALVES ('F 

THE U AND UP ORWELýL 64?
CC ARRAYS. THUS, FOR (NC.EQ.OI* WE WANT TO [AND O) PERFORW UWLl 64

cc THESE- TWO OPERV1TONS HERE IN URWELL. SUBROUTINE TRNSCOD, FOR Uic;ELL 64q
cc (NCLT.?\. WILL RETURN IZERO FOR THE AIR-PATH RAnIANCE 'URWELL 65C
cc (BKGMO BI(NBII) AND UNITY FOR THE AIR-PATH TR.NS-MI-TANCE 'J"'WELL 6S50
cc (TRANS BI(NBIjl. THESE VALUES ARE PRECISELY THE VALUES UPbE' L 652l
cc )PRDRIATE FOR THE ALTITUDE EDOALLING ZEW'. VALTID 0' COtRoSE OELL 653-
cc FR ALL NADIRS AND AZIMUTHS. TwjS, THE PSEUDO ZERO-ALTiTIME URWE~LL 654
CC_ ALGORITHM NEED BE EXErCISED ONLY FOR THE FIRS' NADIR AMD THE URWELLw (55
cc FIRST AL'1MJITH. TO PRUCEEc WITH, TH~r PSELIX' ZERD-ALTITUOE lORKELL 65'1f;f
cc ALGOMI'4". WE SELECT AN A'LTITUDOE ZKS LESS THAN 10 METERS, SAv U0WFLL 65V
cc ONE METER z 0.001 KM. WE ALSO PRETEKfl THAT THE PATH LEMGN UPWEL1L 65F
cc NEVER EXCEEDS 10 METERS, REG.ARDLESS OF THE NADIR ANGLE ORWELL 659Q
cc PROVIDED IT DID NOT Do SO FOP TM,' FIRST NADIR. THUS. WE U`VWE-L 660
cc DECREE THAT TRNSCO0 SH4ALL NOT IE CALLED FOR (J.GT.1) IF THF UPWELL 661
cc PATH LENGTH WAS LETS THAN 10 PETERS FOR J-=1. ORWELL 66?
CCC VOWELL1 663

If( 3 .GT. I ) Go TO 23 U'WE LL1 664
cc FOLLOWING CALL TO T9RNSCO OCCURS FOR X.GE.1. JsK.Lt1. UPWELL 665ý
cc TRNSCO'S ARGUMEN'-LIST DISTANCES MUST BE IN I'M. ORPWELL 66~v

CALL TRNSCn( Ry, RP, Rp, LBN', RADSW I LPWEFLL1 66'
1Ff NCNC .GT7. 1I GO TO 25 UWL 5

cc SINCE WE ARE SEEK:ING RESULTS FOR ZKM=O.D, PERFORM TUE TIC ORWELL 66Q
cc ARDVE-OESCRIBED OPERATIO0S NORMALLY PERFORMEFD BY SUBR0TýINE Ocl.TL L 6'C

cc ATMAP.UcWL 6'
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22 REWIND LTKMT UPEL L 672
CALL 114IT (-100, 0., 11(1.1.2 )LPVE L L 673
CALL KNIT C-100, 0., 118(1,1,2) )LPVELL 674
00 TO 25 tPWtLL 675

23 If( OrN GT1. 1 ) GO TO 24 LOWELL 676
GO TO 22 UPifLI 677

cc FOLLOWING CAL_ TO TRNSCO OCCIRS FOR I.Gt.2, J.GE.2, C-L1I. UPWELL 678
cc TRNSCO'S MRGUMNT-LIST OISTMICES 36UST BE IN CM. UPitLL 679

24 CALL TRNSCD( RY, RtP, RP, LINlT, RADS&I UPVELL 680
2$ CONTINUE (LOELL op8I

cc WE ALSO NEEDt TO PRESERVE PATH PMANATERS FOR PATH P TO V IN LOWELL 682
cc ARRAYS UPV AND 1188W. UVWEL L 683

CALL KNIT ( 100, U (112,U PV) ORWELL 6.84
CALL EMIT C 100, 118(1,1,2). UPRY) UPYELL 685
dW ITEC 6,1 025) URWELL 686

102$ FORMAT (1HO.451,41H'* PATH PARAMETERS. POINT P TO V -/ '45X,- UTWn 1, 687
S(FRON SUBROU!TINE IJRVEL'., FORMATS 1025,1027)-I2X,flEW'ERATUP.E/SPECI URWELL 6H8
SES. ((U PV(NN),N.1,NSPfCS),M-1.2)') UPWELL 60-9
WRITE(6,1026) ((N. (U PW(NN),N1.1,SPEC.S)),.s1I,2) UPWLL 690

1026 FORMAT (2K.l3,ZPIOEI2.4) UPVELL 691
WITE(6,1027) UPWIELL 692

1027 FORMAT (1HO.1X,'TENPERATURE/SPECIES. ((UPPV(MN),N) .39- ,NECS).- ,NI OWELL 693
S,2)*) VRWELL 694

b*IWATE(6.1028) ((M, (UPPV(NN),NzINXSPECSI),M'-1,2) UPWELL 695
cc UPWELL 696
cc FOR PATH P TO V, PRESERVE TAPV(L), *TPRY(LI, MND AZPW(L) IWWELL 697
cc (L-1,MIAVEJ) U4ICH ARE DERIVED FROM DATASET-BI. SEE ORWELL 698
cc SUBROUTINES 1835CO AND ATPGIAD FOR CONWMNTS REGARDING TEMPORARY UPWELL 699

.C .1S O c EF WORD-8 OF DATALSET-8l FIR AERSOL TRANM9ITTANCE. UPWELL 700
LX - 0 ORWELL 701
LINT - 181391 ORWELL 702

265 CALL PREY ( LINT.NE ) OWELL 703
IF( 381 .EO. 0) 601027V ORWELL 704
LX1-1L +1I OPWE.L L 705
IF( LX GT1. 10) GO TO 27 LORWELL 706
TTPV(LX) - 0(431+.6) ORWELL 707
AEPV(LR1 - Q(NBI.4)IOW(LX) RWVELL 708
Q(KtBI.4) - D. LOWELL 709
TAPV(LX) - Q(NBI*7) "PWLL 710
IQ(SBI+7) - 0 ORWELL 711
GO TO 26 ORWELL 71?

'37 CONTINUE LOWELL 713
C ORWELL 714
cc TNE NEXT STATEMENT PROVIDES THE ABOVE4(ENTIONEO SUM UPWELL 715
CC (TEMPORARILY CALLED UPRAD(K,Lt) OF (1) EARTH'S SUFACE LOWELL 116
cc RADIANCE RAD(1) ILI-TIPLIED BY ThE TZTAL TRANSM4ITTANCE TTPY(L) UPWELL 71?
cc BETWEEN DOINTS P ND V ANO (21 THE AIMISP 44ERIC EM4ISSION IJPWE LL 718
cc AEPV(L) BETWEEN POINTS V AMD P_ THE 00-28 LOOP RZEWOGIiES UPWIELL 719
cc THIS SUM IS AZIMUJTHALLY INDEPENDENT. LOWE LL 720

UPRAD(K,L) * RAD(1)'flPW(L) + AFPV(L ORWELL 721
IF( NAZI .EO. 1 ) GO TO 29 ORWELL 72?2
00 28 KKR=2,NA!I COVELL 723
UPRAD(KKXL) - UPRAD(1.L) UPWELL 724

28 CONTINU UELL. 725
29 CONTINE UPWELL 726

IF( I.VL .E0. 4 ) MITE(6.IOD) OWoELL 727
100 FORMAT (IM1,44X,43k'* * O"TPLFT FnO SLBDAOITINE ORWELL * POWELL 128
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IF( IJKL EQ. 4 ) WRITE(6,101) UI'WELL 729
101 FORMAT (1HO.1IX,107H 1 3 K L WOL WDH Z UPWELL 730

SLAM RAO(1) TTPV AEPV TAPV ) UPWELL 731
WRITE(6,102) I.J,KLWDL,WDH,ZLAM,RAD(I),ITPV(L),AEPV(L),TAPVfL) UPWELL 732

102 FORMAT (2X,4I3,1P7(EI4.5)) UPWELL 733
30 CONTINUE UPWELL 734

CCCC UPWELL 735
CC UPRAD IS OUR ANSWER IF IDAYisO AND IF NO CLOUDS ARE INCLUDED. UPWELL 736

IF( CLDFG1 ,EQ. 0.0 ) GO TO 36 UPWELL 737
CCC UPWELL 738
CC *-, GOT HERE FOR CLOUDS, DAY ol, NIGHT *.***********--t****t**t*-, f UPWELL 739
CC PREPARE TO CALL NCM SUBROUTINE CLDWT TO GET THE NCOSET-MEMBER UPWELL 740
CC ARRAYS FOR WEIGHTS CORRESPONDING TO THE UPWELL 741
CC VARIOUS CLOUD CONFIGURATIONS OR SETS (WT), AND, AT 12-KM UPWELL 742
Cc ALTITUDE (POINT C) ALONG THE PATH FROM POPI'T P TO POINT V, THE UPWELL 743
CC TOP-CLOUD EMISSICO RADIANCES (EMISS) AND (IF IDAYV-1) THE UPWELL 744
CC TRANSFER COYFFICIENTS (TRANS) FOR THE TOP-CLOUD REFLECTION UPWELL 745
CC OF THE SOLAR RADIATION. UPWELL 746
CC WT(I), FOR ANY OF THE 10 LOCATION-SEASON AVERAGED STATISTICAL UPWELL 747
CC CLOUD MODELS (KMODEL-1,1O), IS THE PROBABILITY THAT (A) THE UPWELL 748
CC CLOUD-CONFIGURATION SET INDICATED BY THE INDEX I OCCURS AND UPWELL 749
cc (B) THE DETECTOR LOS AT ZENITH ANGLE CHI INTERSECTS THE CLOUD- UPWELL 750
CC CONFIGURATION SET. THE PROBABILITY OF THE DETECTOP'S LOS UPWELL 7551
cc INTERSECTING CLOUDS IS SUM(WT(I)) (I-I,IDX-1). UPWELL 752
Cc UPWELL 753
CC BEFORE PROCEEDING TO CALL SUBROUTINE CLOWT, WE COMPUTE THE AIR UPWILL 754
CC EMISSION BETWEEN POINTS C AND V (ARCVA(IKMJ,L)) UPWELL 755
CC AND THE AIR TRANSMITTANCE (BOTH MOLECULAR AND AEROSOL) FROM UPWELL 756
CC POINT C TO POINT V. THE TOTAL TRANSMITTANCE IS TTCV AND THE UPWELL 757
CC AEROSOL TRANSMITTANCE IS TACV. ALL OF THESE QUANTITIES ARE UPWELL 758
cc INDEPENDENT OF AZIMUTH, SO THEY NEED BE COMPUTED ONLY FOR K=I. UPWELL 759

IF( ZKM(I.JBAND) .GT. 12.0 ) GO TO 31 UPWELL 760
IF( ( J .GT. 1 ) OR. ( K .GT. I ))GO TO 33 UPWELL 761
AECV(L) - 0.0 UPWELL 762
TTCV(L) - 1.0 UPWELL 763
TACV(L) - 1.0 UPWELL 764
IF( L .GT. 1 ) GO TO 33 UPWELL 765

CC ZERO ARRAYS PRESERVING PATH PARAMETERS rOR PATH V TO C. NEED UPWELL 766
Cc BE DONE ONLY ONCE FOR ZKM(I,JBAND) - 12.0 . UPWELL 767

CALL XMIT (-100, 0., U CV 3 UPWELL 768
CALL XMI- (-100, 0., UPCV ) UPWELL 769
GO TO 33 UPWELL 770

31 CONTINUE UPWELL 771
IF( ( K .GT. 1 ) .OR. ( L .GT. I 3 3 GO TO 33 UPWELL 772

CC FOLLOWING CALL TO TRNSCO OCCURS FOR CLDFLG.EQ.I, UPWELL 773
CC ZKM(I.JBkND).GT.I2.O, J.GE.I, K-L-1 . UPWELL 774

CALL TRNSCO( RV, RC, RC, LBINT, RADSW ) UPWELL 775
Cc WE ALSO NEED TO PRESERVE PATH PARAMETERS FOR PATH C TO V IN UPWELL 776
CC ARRAYS UCV AND UPCV. UPWELL 777

CALL XMIT ( 100, U (1,1,2), U CV) UPWE!' 778
CALL XMIT ( 100, UP(1,1,2), UPCV) UPWELL 779
WRITE(6,1031) UPWELL 780

1031 FORMAT (1HO,45X,41H' * * PATH PARAMETERS, POINT C TO V -* */47X,* UPWELL 781
S(FROM SUBROUTINE UPWELL, FORMATS 1031,1033)-/2X, t

TEMPERATURE/SPECI UPWELL 782
SES. ((U Cv(M,N),N-],NSPECS).M-l,2)-) UPWELL 783
WRITE(6,1026) ((M, (U CV(M,N).N-1.NSPECS)),M-I.2) UPWELL 784
WRITE(6,1033) UPWELL 78S
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1033 FORMAT (1IC,1X,*TEMPVIATIRE/SPECIES. ((UPCV(M,N),N=1,NSPECS),M-1 UPWELL 786
$,2)*) UPWELL 787
WRITE(6,'V6) ((M, (UFCV(M,N),N-1,NSPECS)),M-1,2) UPWELL 788

cc UPWELL 789
CC FOR PATH C TO V, PR3SERVE TACV(L), "TCV(L), AND AECV(.) UPWELL 79n
CC (L-I,NWAVEJ) WHICH ARE DERIVED FROM DATASET-BI. SEE UPWELL 791
CC SUBROUTINES TRNSCO AND ATMRAD FOR COMMENTS REGARDING TEMPORARY UPWELL 792
CC USE OF WORD-8 OF DATPSET-BI FOR AEROSOL TRANSMITTANCE. UPWELL 793

LX - 0 UPWELL 794
LINT - LBINT UPWELL 795

32 CALL PREV ( LINTNBI ) UPWELL 796
IF( NBI .EQ. 0 ) GO TO 33 UPWELL 797
LX - LX + I UPWELL 798
IF( LX .GT. 10 ) GO TO 37 UPWELL 799
TTCV(LX) * Q(NBI6) UPWELL BOO
AECV(LX) - Q(NBI+4)/DW(LX) UPWELL 801
Q(NBI+4) = 0. UPWELL 80?
TACV(.X) - O(NB÷+7) UPWELL 803
IO(NBI+7) - 0 UPWELL 804
GO TO 32 UPWELL 805

33 CONTINUE UPWELL 806
cc UPWELL 807

IF( IKMJKL .EQ. 4 ) WRITE(6,103) UPWELL 808
103 FORMAT (IHO.IX,* I J K L ZLAM UPWELL 809

STTCV AECV TACVt) UPWELL B81
WRITE(6,104) I,JK,LZLAM,TTCV(L),AECV(L),TACV(L) UPWELL 811

104 FORMAT (2X,413,28X,1PEI4.5,14X,3(E14.5)) UPWELL 812
cc UPWELL 813

IF( K .GT. 1 ) GO TO 34 UPWELL 814
CC AECV(L) IS '4DEPENDENT OF AZIMUTH, SO WE PRESERVE IT WITH A UPWELL 815
CC NOTATION TO DENOTE IT IS THE AZIMUTHAL AVERAGE FOR THE UPWELL 816
CC CURRENT VALUES OF IKM, J, AND L. UPWELL 817

ARCVA(IKM,J,L) - AECV(L) UPWELL 818
34 CONTINUE UPWELL 819

CC UPWELL 82n
CC IN ORDER THAT SUBROUTINE TRANSF IN THE NCM, CALLED BY UPWELL 821
CC SUBROUTINE CLDWT, WILL KNOW WHETHER OR NOT THE SUN IS ABOVE ORP UtWELL 8?2
CC BELOW THE HORJZON, SET ITFLAG IN THE FLAGS COMMON (USED IN THE UPWELL 823
CC NCM AND INCLUDED HERE IN SUBROUTINE UPWELL). UPWELL 8?4

ITFLAG - 0 UPWELL 825
IF( IDAYV .EQ. I ) ITFLAG - 1 UPWELL 826
CALL LLDWT(ZLAM,CHlO) UPWELL 827

CC SUBROUTINE CLOWT HAS PROVIDED, THROUGH COMMON CLDWT, THE UPWELL 828
CC ARRAYI WT, TRANS, AND EMISS, OF LENGTHS IDX, IDX-I, AND 10-1, UPWELL 829
CC RESPECTIVELY. IDX EQUALS 160 FOR A FULL SET OF 159 CONFIG- UPWELL 830
CC URATIONS AND IS LESS FOR A RESTRICTED SET. UPWELL 831
CC UPWELL 832
CC TO FACILITATE COMPUTING THE RADIANCE DISTRIBUTION FUNCTION UPWELL 833
CC RESULTING FROM THE STATISTICAL TREATMENT OF NATURAL CLOUDS, UPWELL 834
CC START FORMING A NEW RADIANCE DISTRIBUTION FUNCTION(UPRADC) UPWELL 835
CC AND CORRESPONDING WEIGHTS(WTC). IF NCDSET IS THE NUMBER OF UPWELL 836
CC STATISTICAL CLOUD SETS WITH A MAXIMUM OF 159, FOR KMODEL- UPWELL 837
CC 1,10, THEN THE LENGTH 111) OF THE ARRAYS UPRADC AND WTC WILL UPWELL 838
CC BE II-NCDSET41 IF IOAYV-O OR II-NCDSET+2 IF IDAYV-1. UPWELL 839
CC (THIS STATEMENT DOES NOT INCLUDE THE ZERO-VALUE MEMBERS ADDED UPWELL 840
CC (AFTER STATEMENT LABEL 55) FOR INTERPOLATION PURPOSES.) UPWELL 841
CC UPWELL 8.2
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CC TO FACILITATE ASSESSING THE RELATIVE IMPORTANCE OF EMISSION UPWELL 843
CC AND REFLECTION CONTRIBUTIONS, PRESERVE THE EMISSION COMPONENT UPWFLL 844
CC OF UPRADC IN ANOTHER ARRAY (UPRDCI). UPWELL 845

NCOSET - IOX-I UPWELL 846
SUNWTC a 0.0 UPWELL 847
DO 35 M=1,NCDSET UPWELL 848

CC MULTIPLY THE SPECTRAL RADIANCE FROM THE NCM, EXPRESSED IN UPWELL 849
CC UNITS OF IIATTS / (KM**2 SR MICRON), BY 1.OE-14*(ZLAM**2) TO UPWELL 850
CC OBTAIN WATTS / (CM"2 SR CM-i). UPWELL 851
CC ALSO INCLUDE TRANSMITTANCE BETWEEN POINTS C AND V. UPWELL 85?

UPRADC(Mý - (1.OE-14 * ZLAM**2) * EMISS(M) * TTCV(L) UPWELL 853
UPRDC1(M) = UPRADC(M) UPWELL 854
W =Z(, WT(M) UPWELL 855
SUI•TC - SUMWTC + WTC(M) UPWELL 856

35 CONTINUE UPWELL 857
II * NCDSET4I UPWELL 858

CC AT THIS POINT, II WILL NORMALLY BE 160. UPWELL 859
CC UPWELL. 860
CC NOW USE FACT THAT RADIANCE AT POINT V DUE TO AIR EMISSION UPWELL 861
CC BETWEEN POINTS V AND P CAN BE BROKEN INTO TWO PORTIONS... UPWELL 862
CC AEPV(L) = AECV(L) + AEPC(L)*TTCV(L) UPWELL 863
CC THUS AEPC(L)*TTCV(L) = AEPV(L) - AECY(L) UPWELL 864
CC HENCE WE NEED TO SUBTRACT AECV(L) FROM UPRAD(K,L) IN ORDER FOR UPWELL 865
CC UPRADC(II) TO CONTAIN THE (ATTENUATED) AIR EMISSION BETWEEN UPWELL 866
CC POINTS P AND C. UPWELL 867

UPRADC(II) = UPRAD(K,L) - AECV(L) UPWEIL 868
UPRDCI(II) - UPRADC(II) UPWELL 859

CC UPWELL 870
CC WE NEED THE MEAN PROBABILITY OF A CLOUD-FREE LOS FROM UPWELL 871
CC POINT P TO POINT V (AT ZEN:TH ANGLE CHI CORRESPONDING TO NADIR UPWELL 87?
CC ANGLE BETA. AS NOTED BEFORE, THE PRORABILITY OF THE UPWELL 873
CC DETECTOR'S LOS INTERSECTING CLOUDS IS SUM(WT(I1)) (I=I,IDX-I). UPWELL 874
CC HENCE, WE TAKE (I.-SUM(WT(I))) AS THE DESIRED PROBABILITY OF A UPWELL 875
CC CLOUD-FREE LOS, CFPV. UPWELL 876

CFPV ± 1. - SUMWTC UPWELL 877
WTC(II) - CFPV UPWELL 878

cc THIS W'C IS THE ONE OBTAINING FOR NIGHT. FOR DAY, WTC IS UPWELL 879
CC RESET .IrTER LOOP 00-52. UPWELL 880
CCC UPWELL 881
CC IF IDAYV=I, MUST ADD IN CLOUD-REFLECTED SOLAR RADIATION, LPWELL 882
cc AFTER ADDING IN SURFACE-REELECTED SOLAR RADIATION. UPWELL 883
CC * GOT HERE FOR CLOUDS, DAY OR NIGHT *.**.************.***** UPWELL 884

IF( IDAYV.EQ.O ) GO TO S5 UPWELL 885
CCC UPWELL 886
CC • GOT HERE FOR CLOUDSDAY **************************fl****fl UPWELL 887

GO TO 37 IIPWELL 888
CCC UPWELL 889

CC ** GOT HERE FOR NO CLOUDS, DAY OR NIGHT ************t***f** UPWELL 891
cc IF IDAYV=i, MUST ADD IN SURFACE-REFLECTED SOLAR RADIATION. UPWELL 89?

IF( IDAYV.EQO ) GO TO 58 UPWELL 893
CCC UPWELL 894

37 CONTINUE UPWELL 895
CC * GOT HERE FOR DAY, WITH OR WITHOUT CLOUDS ******************* UPWELL 896
CC EARLIER, SUBROUTINE TRNSCO CALLED SUBROUTINE PATH FOR THE PATH UPWELL 897
CC FROM V TO P AND WE SAVED THE PATH PARAMETERS U(IT,N,?) AND UP( UPWELL 8Q8
CC IT,N,2) AS UPV(IT.N) AND UPPV(IT.N). NOW ADD PATH PARAMETERS UPWELL 899
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CC FOR SEGMENTS SP AND PV. NEED BE DONE ONLY FOR K'L-1, BUT THEY UPWELL 900
CC MUST BE SAVED IN USPV AND UPSPV ARRAYS. UPWELL 901

IF( K .GT. I ) •O ro 42 UPWELL 902
IF( L .GT. 1 ) GO TO 41 UPWELL 903
DO 40 NN-I,NSPECS UPWELL 904
00 40 LL-I,2 UPWELL 905

CCC UPWELL 906
CC ONLY TWO TEMPERATURES (SINCE SHELLS LIMITS THE ATMOSPHERIC UPWELL 907
CC TEMPERATURE TO 300 DEG K) ARE NEEDED FOR THE AMBIENT UPWELL 908
CC ATMOSOHERE, BUT NTEMP MUST BE crc TO 1O AND NOT TO 2 TO BE UPWELL 909
CC CONSISTENT WITH THE DIMENSIONING OF THE U AND UP ARRAYS IN UPWELL 910
CC SUBROUTINE TRANS. THE FIRST HALVES OF THE U AND UP ARRAYS UPWELL q']
CC WERE ZEROED IN TRNSCO. TRANS (STATEMENT LABELED 30) WILL UPWELL 912
CC DETECT THE ZERO VALUES OF U AND UP FOR TEMPERATURE-INDEXES 3 UPWELL 913
CC THROUGH 10 AND WASTE LITTLE TIME IN COMPUTING THE UPWELL 914
CC TRANSMITTANCE FOR ZERO VALUES OF THE PATH PARAMETERS. UPWELL 915
CCC UPWELL 916

U SPV(LL.NN) - U PV(LLMN) + U PS(LL.NN.1) UPWELL 917
UPSPV(LL.NN) - UPPV(LLNN) + UPPS(LL,NN,1) UPWELL 918

40 CONTINUE UPWELL 919
WRITE(6,1O8O) UPWELL 920

1040 FORMAT (1HO,42X,48H* * * PATH PARAMETERS, SUN TO POINT P TO V * UPWELL 921
$*/45X,*(FROM SUBROUTINE UPWELL, FORMATS I040,1042)'/2X,*TEMPERATUR UPWELL 922
SE/SPECIES. ((U SPV(MN) N-i NSPECS),M-1 2)') UPWELL 923
WRITE(6,1026) ((N. (U SPV(M,N),N-1,NSPECS)),M=±.?) UPWELL 924
WRITE(6,1042) UPWELL 925

1042 FORMAT (1HO,1X,*TEMPERATURE/SPECIES. ((UPSPV(MN),N= .mSPECS),M UPWELL 926
SI,2)*) UPWELL 927

WRITE(6,1026) ((M, (UPSPV(M,N),N-1,NSPECS)),M=I,2) UPWELL 928
41 CONTINUE UPWELL 929

CCCC UPWELL 930
CC ENTRY TRANSi IN SUBROUTINE TRANS IS PROVIDED 12/29/78 TO UPWELL 931
CC AVOID CONFLICT IN SUBROUTINE UPWELL BETWEEN THE ARRAY TRANS UPWELL 93?
CC IN COMMON CLDWT AND THE CALL TO SUBROUTINE TRANS. UPWELL 933
SCC NOTE.. .WE ARE CALLING SUBROUTINE TRANS WITH THE ARRAYZ UPWELL 934
CC USPV(1O,lO) AND UPSPV(lO,1O) '4HICH IS SATISFACTORY FOR UPWELL 935
CC SUBROUTINE TRANS' CURRENT USE OF M - I . IN GENERAL. UPWELL 936
CC SUBROUTINE TRANS EXPECTS ARRAYS U(IT,N,2) AND L'P(IT.N.2) WHEN UPWELL 937
CC BEING CALLED WITH M-1. UPWELL 938

CALL TRANSI( NTEMP, 1, USPV, UPSPV, FK, WDL, WDH, TAU, ABC. UPWELL 939
s TMSPV(L), TRNSOPT, FILPOS ) UPWELL 940

CCCC UPWELL 941
CC TRANS HAS RETURNED THE TOTAL MOLECULAR TRANSMITTANCE TMSPV(L) UPWELt 942
CC FOR THE TOTAL PATH (SP.PV), WITH ACCOUNT OF NSPECS SPECIES. UPWELL 943
CC UPWELL 944
CC GET TOTAL TRANSMITTANCE BY INCLUDING AEROSOLS. UPWELL 945
CC USE AEROSOL TRANSMITTANCE TASP(L) FROM SUBROUTINE SURRAD FOR UPWELL 946
CC PATH SP WITH AEROSOL TRANSMITTANCE TAPV(L) FROM SUBROUTINE UPWELL 947
CC TRNSCO'S CALL TO SUBROUTINE ATRAD FOR PATH PV TO GET THE UPWELL 948
CC AEROSOL TRANSMITTANCE FOR THE TOTAL PATH SPV-(SP+PV). UPWELL 949

TTSPV(L) - TMSPV(L) * (TASP(L) * TAPVYL)) UPWELL 950
CC NOW HAVE TOTAL MOLECULAR AND AEROSOL TRANSMITTANCE FOR UPWELL 951
CC SURFACE-REFLECTED SOLAR RAY. UPWELL q95

42 CONTINUE UPWELL 953
CC UPWELL 954
CC IN FOLLOWING EXPRESSION, ONLY RAD(?) KAY DEPEND ON AZIMUTH, UPWELL 955
CC WHICH IT WILL FOR NOR-LAMEERTIAN SURFACE MATERIALS (MS9.GT.1). UPWELL 956
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UPRAO(K,L) s UPRAD(KL) + TTSPV(L)*RAD(2) UPWELL 957
CC NOW HAVE TOTAL UPWELLING RADIANCE DIRECTED FROM POINT P UPWELL 958
CC TO POINT V (WITHOUT ANY CLOUDS), THE FIRST TERM BEING THE SLIM UPWELL 959
CC OF THE ATTENUATED GOUND-SLMFACE EMISSION AND AIR EMISSIDN UPWELL 960
CC BETWEEN POINTS P AND V AND THE SECOND TERM BEING THE UPWELL 961
cc ATTENUATED SUPFACE-REFLECTED SOLAR RAY. UPWELL 962

IF( I3KL .EO. 4 ) WRITE(6,105) UPWELL 963
105 FORMAT (1HO,1X,' I J K L ZLAM UPWELL 964

$ RAD(2) TTSPV TMSPV TASP*) UPWELL 965
WRITE(6,1O6) I,J.K.L,ZLAN,RAD(2),TTSPV(L),TMSPV(L).TASP(L) UPWELL 966

106 FORMAT (2X,413,8X.IPS(E14.5)) UPWELL 967
IF( CLDFG1.EQ.O.O ) GO TO 58 UPWELL 968

CCC UPWELL 969
CC GOT HERE FOR DAY, WITH CLOUDS ***--***--******** **-- UPWELL 970
CC WE MUST CONVERT THE TRANSFER COEFFICIENTS TRANS INTO UPWELL 971
Cc RADIANCES FOR THE CLOUD-REFLECTED SOLAR RADIATION. TO DO SO, UPWELL 972
CC WE NEED THE SOLAR SPECTRAL IRRADIANCE E (WAflS/(CMý2 CM-1)) UPWELL 973
CC (NORMAL TO THE PATH TO THE SUN) AT THE 12-KM ALTITUDE POINT UPWELL 974
CC ON THE V-TO-P PATH. HERE WE SHALL USE THE VALUE, SOLIRR(L)=E, UPWELL 975
CC PREVIOUSLY OBTAINED BY A CALL TO SUBROUTINE SOLRAD FROM UPWELL 976
CC SUBROUTINE SURRAD AND AVAILABLE THROUGH SOLARP COMVON. UPWELL 977
CC UPWELL 978
CC WE ALSO INCLUDE AIR TRANSMITTANCE (TTSCV(L)) ABOVE 12-KM UPWELL 979
CC ALTITUDE, ALONG THE PATH FROM S TO C TO V. TTSCV(L) IS GIVEN UPWELL 980
CC BY THE PRODUCT OF THE NOLECULAR TRANSMITTANCE (TMSCV(L)) AND UPWELL 981
CC THE AEROSOL TRANSMITTANCE (TASC(L)*TACV(L)). UPWELL 982
CC ThSCV(L) WILL BE COMPUTED BY SUBROUTINE TRANS, GIVEN THE PATH UPWELL 983
CC PARAMETERS USCV AND UPSCV. FROM TRNSCO'S CALL TO PATH WE HAVE UPWELL 984
CC THE PATH PARAMETERS U(IT,N,2) AND UP(IT,N,2) (WHICH WE SAVED UPWELL 985
CC AS UCV(IT.N) AND UPCV(IT,N) FOR THE PATH FROM POINT V TO POINT UPWELL 986
CC C. THE PATH PARAMETERS UCS(ITt) AND UPCS(ITN) WERE OBTAINED UPWELL 987
cc WITH THE CALL TO SUBROUTINE SURRAD. UPWELL 988
CC ADD THE PATH PARAMETERS FOR SEGMENTS SC AND CV. NEED BE DONE UPWELL 989
CC ONLY FOR K-L=1, BUT THEY MUST BE SAVED IN USCV AND UPSCV UPWELL 990
CC ARRAYS. UPWELL 991

IF( K .GT. 1 ) GO TO 50 UPWELL 992
IF( L .GT. I ) GO TO 45 UPWELL 993
DO 44 NN=1.NSPECS UPWELL 994
DO 44 LL-1,2 UPWELL 995
U SCV(LL,NN) - U CV(LLNN) + U CS(LLNN) UPWELL 996
UPSCV(LL,NN) - UPCV(LLNN) + UPCS(LLNN) UPWELL 997

44 CONTINUE UPWELL 998
l ITE(6 1044) UPWELL 999

1044 FORMAT (IHO,421,48H. * * PATH PARAMETERS. SUN TO POINT C TO V * * UPWELL 1000
$*/44X,'(FROM SUBROUTINE UPWELL, FORMATS 1044,1046)'/2X,'TEMPERATUL UPWELL 1001
SE/SPECIES. ((U SCV(M.MN),N1,NSPECS),M-I,2)*) UPWELL 1002
WITE(6,1326) ((M, (U SCV(MN),N-1,NSPECS)),M-.,2) UPWELL 1003
l 1ITE(6.1046) UPWELL 1004

1046 FORMAT (1H.1X,*TEMPERATLME/SPECIES. ((UPSCV(M.N),N-I,NSPECS).M- UPWELL 1005
$1,2)*) UPWELL 1006
hWITE(6,lO26) ((M, (UPSCV(M,N),N-I,NSPECS)),N-1,2) UPWELL 1007

45 CONTINUE UPWELL 1008
CC NOTE...WE ARE CALLING SUBROUTINE TRANS WITH THE ARRAYS UPWELL 1009
CC USCV(1O,1O) AND UPSCV(1O,1O) WHICH IS SATISFACTORY FOR UPWELL 1010
CC SUBROUTINE TRANS' CURRENT USE OF N - I . IN GENERAL, UPWELL 1011
cc SUBROUTINE TRANS EXPECTS ARRAYS U(IT,N.2) AND UP(It,N.2) WHEN UPWELL 1012
CC BEING CALLED WITH M-1. UPWELL 1013
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CALL TRANS1( NTEMP, 1. USCV. UPSCV. FK, WOL, WDH, TAU. ABC, UPWELL 1014
S TMSCV(L), TRNSOPT, FILPOS ) UPWELL 1015

CC TRANS HAS RETURNED THE TOTAL MOLECULAR TRANSMITTANCE TMSCV(L) UPWELL 1016
CC FOR THE TOTAL PATH (SC+CV). USE AEROSOL TRANSMITTANCE TASC(L) UPWELL 1017
CC FROM SUBROUTINE SURRAD FOR PATH SC WITH AEROSOL TRANSMITTANCE UPWELL 1018
CC TACV(L) FROM TRNSCO'S CALL TO SUBROUTINE ATMPAD FOR PATH CV TO UPWELL 1019
CC GET THE AEROSOL TRANSMITTANCE FOR THE TOTAL PATH SCV-(SC.CV). UPWELL 1070

TTSCV(L) - TMSCV!L) - (TASC(L)*TACV(L)) UPWELL 1021
CC NOW HAVE TOTAL MOLECULAR AND AEROSOL TRANSMITTANCE FOR CLOUD- UPWELL 1022
CC REFLECTED SOLAR RAY. UPWELL 1023

IF( IKMJKL .EQ. 4 ) WRITE(6,107) UPWELL 1024
107 FORMAT (IHO,1X,* I J K L ZLAM UPWELL 1025

$ TTSCV TMSCV TASC*) UPWELL 1026
WRITE(6,104) I,J.K.LZLAM.TTSCV(L).TMSCV(L),TASC (L) UPWELL 1027

CCC UPWELL 1028
50 CONTINUE UPWELL 1029

CC NOW GET A CONTRIBUTION TO THE TOTAL UPWELLING RADIANCE UPWELL 1030
CC DIRECTED FROM POINT C TO POINT V. THE FIRST TERM BEING THE UPWELL 1031
CC CLOUD-SURFACE EMISSION ATTENUATED BETWEEN POINTS C AND V AND UPW'LL 1032
CC THE SECOND TERM BEING THE ATTENUATED CLOUD-REFLECTED SOLAR UPWELL 1033
CC RAY. UPWELL 1034

DO 52 M=I,NCDSET UPWELL 1035
UPRADC(M) - UPRADC(M) + SOLIRR(L) * TRANS(M) * TTSCV(L) UPWELL 1036

52 CONTINUE UPWELL 1037
CC UPWELL 1038
CC AT THIS POINT, IT WILL NORMALLY BE 160 . UPWELL 1039

CC SINCE WE ARF ABOUT TO INCLUDF THE TWO-LEG CFLOS. WE MUST UPWELL 1040
CC MULTIPLY THE PROBABILITY OF THE (NIGHTTIME) ONE-LEG CFLOS BY UPWELL 1041
CC THE PROBABILITY OF NOT HAVING THE SECOND (DAYTIME) LEG. UPWELL 1042

WTC(II) = CFPV - ( 1. - CFPS ) UPWELL 1043
CC INCLUDE TWO-LEG CFLOS UPWELL 1044

II = II + 1 UPWELL 1045
CC AT THIS POINT, I WILL NORMALLY BE 161 . UPWELL 1046

UPRDCI(II) - UPRADC(II-1) UPWELL 1047
UPRADC(II) = UPRADC(II-1) + RAD(21 * TTSPV(L) UPWELL 1048
WTC(II) -CFPS * CFPV UPWFLL 1049

CC *** GOT HERE FOR CLOUDS, DAY * UPWELL 1050
55 CONTINUE UPWELL 1051

CC UPWELL 1052
CC G' GOT HERE FOR CLOUDS, DAY OR NIGHT ********************** UPWELL 1053
CC SORT THE RADIANCE ARRAY UPRADC IN INCREASING ORDER AND CARRY UPWELL 1054
CC ALONG THE ARRAYS UPRDCI AND WTC. BEFORE SORTING, AUGMENT THE UPWELL 1055
CC THREE ARRAYS WITH THE MMBERS UPRADC(1I+1) - 0.0. UPRDCI(11+1) UPWELL 1056
CC - 0.0, AND WTC(II+1) - 0.0, RESPF'-VELY. DOING THIS ALLOWS UPWELL 1057
CC SUBROUTINE LINEAR TO INTERPOLATE WITHIN ITS GIVEN ARRAY IF THE UPWELL 1058
CC WEIGHT OF THE NORMALLY SMALLEST MEMBER EXCEEDS THE SMALLEST UPWELL 1059

CC FRACT!LE (NOW 0.10) FOR WHICH AN INTEGRAL-ZISTRIBUTION VALUE UPWELL 1060
CC IS REQUESTED. UPWELL 1061

II - IT ' 1 UPWELL 1062
CC AT THIS POINT, II WILL NORMALLY BE 161 FOR NIGHT AND 162 rOR UPWELL 1063
CC DAY. UPWELL 1064

UPRADC(II) - 0.0 UPWELL 1065
WTC(II) - 0.0 UPWELL 1066
UPRDCI(II) - 0.0 UPWELL 1067
IF( ( IKM .GE. I ) .AND. ( IKM .LE. 3 ) ) WRITE(6,1055) UPWELL 1068

$ (UPRADC(N),UPRDCI(N),WrC(N),N=I, I) UPWELL 106q
1055 FORMAT (OD BEFORE SORTING. WE HAVE (FOR M=1,162) THE TRIPLETS UP UPWELL 1070

330



SRADC:(M). UPRDC I(M,,.WTC(MK=*(5X,1I9W12.4)) UPWELL 1071
CALL SOTLJ( UPRADC, UPROCi, WTC. 11, -1 )UPWELL 1072

PC SUM THE WEIGHTS AND NIORMALIZE THE SUM TO UNITY. UPWELL 1073
DO 56 M-2,11 UPWELL 1074
WTC(M) - WTC(N) 4 WTC(M_1) UPWELL 1075

56 CONTINUE UPWELL 1076
WTCIIV - 1.0/WTC(II) IJPWELL 1077
DO 57 M-1,11 UPWELL 1078
WTC(m) = WTC1IV~WrC(N) UPWELL 1079

57 CONTINUE UPWELL 1080
IF( ( 1KM .GE, 1 ) .AND. ( 1KM .LE, 3 ) ) ITE(6,1056) UPWELL 1081

s (UPRADC(t:),UPRDCI(N).WTC(N),N=1,I1) UPWELL 1082
1056 FORMAT (-0 AFTER SORTING AND SUMMI1NG WEIGHTS, WE HAVE (FOR P4=1,1 UPWELL 1083

$62) THE TRIPLETS UPRAOC(M),UPROC1(N),SIJMhJTC(M)e'/(5X,1P9E12.4)) UPWELL 1084
cc INTERPOLATE TO OBTAIN THE INDICATED PERCENTILES. UPWELL 1085
cc RFSIJLT IS STORED IN RXXK(YL). UPWELL 1086

CALL LINEAR ( .10,R010(K.L),WTC,UPRADLII )UPWELL 1087
CALL LINEAR ( .25,RO2S(K,L)8ITfC,UPRADC,II UPWELL 1088
CALL LINEAR (O.50,ROSO(K,L),WTC,UPRADC,I1 UPWELL 1089
CALL LINEAR 0 .90,R090(K.L),WTC,UPRADC,lI UDWELL 1090
R100(K,L) - UPPRAXC(Ifll UPWELL 1091

cc STATEMPENT 5R IS FOR WAVENUPEER LOOP ON INDEX L UPWE2L 109?
58 CONTINUE URwELL 1093

cc STATEMIENT 60 IS FOR AZIMUTH LOOP ON INDEX K UP-WELL 1094
60 CONTINUE UPWELL 1095

CCC UPWELL 1096
CCC WRIT! OUT UPRAD(K,L) FOR CURRENT VALUE OF !I AND 3.]. UPWELL 1097
CCC WAITE OUT RXXK(K,L) FOR CURRENT VALUE OF 11 AND 33, ONLY UPWELL 1098

Ccc IF LDGI 1. .UPWELL 1099
WRITE(B) ((UPRAO(K.L),K=l.NAZI),L=1,NWAVEJ) UPWELL 1100
IF( CLOEGi .EQ. 1.0 ) WRITE(S) (((RO1OCK,L).R025(K,L),ROSO(K,L), IJPWELL 1101

S R09O(K,L).RIO0(K,L)), K=1.NAZI), L=1,NWAVE.J) UPWELL 1102
CCC UPWELL 1103
cc COMPUTE AVERAGES OVER AZIMUITH ANGLES K AT WAVENUMBERS UP WELL 1104
cc L-1,NWAVEJ, NADIR ANGLE J1. AND ALTITUDE I. UP-WELL 1105

FINAl - 1.0/FLOAT(NAZI) UP-WELL 1106
DOI 64 L=1,NWAVEJ UP-WELL 1107
S1MM - 0.0 UjpWELL 1108
DO 62 K=1,NAZI UP-WELL 1109

=U SUM14 * UPRAD(K.L) UPWEIL 1110
62 CONTINUE UP-WELt 1111

UPRADA(IJ.L) - FINAZ*SU`MM UP-WELL 1112
64 CONTINUE UP-WELL 1113

CCC UP-WELL 1114
IF( CLDVGI.EQ.O.O ) GO TO 70 UP-WELL 1115
IF( 1KM .GT. 6 ) GO TO 70 UP-WELL 1116

CCC UP-WELL 1117
DO 68 L-l,NWAVEJ IP-WELL 1118
P010K.] - 0.0 UPWELL 1119
R025KJ] - 0.0 UP-WELL '120
P050KJ] - 0.0 UP-WELL 1121
R090KJ] - 0.0 UIPWELL 112?
R100K.] - 0.0 UP-WELL 1123
DO 66 K=1,NAZI UP-WELL 1124
P010K.] - R010KJ] # RO1O(K,L) UP-WELL 1125
R02SKJ - R025KJ] * ROZSIK.L) UP-WELL. 1126
R050KJ] - P050K. + ROSO(K.L) UP-WELL 1127
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R090K3 - IK"9J + R090(KL) UPWELL 1128
RiOCER R100CJ + RIOO(K.L) UPWtIL 1129

66 C0H12~iUE UPWtIL 1130
cc 1K'M - IflOEX FOR ALTITUDES EQUAL TO OR GREATER THAN 12.L. KM UPWEIL 1131
cc ),MEN CLOUDS ARE INCLUDED. UPWEIL 1132

RUIOtiKN,~JL) - FINAY'ROXWKJ UPhlELL 1133
R025A(IKMJL) - FINAZ*RO25KJ UNWELL 1134
R050A(1K74,J,L) - FINAZ*ROSIKJ UPWELL 1135
R0gOA(IKMJL) - FINAZ'R090KJ tJP1EL' 1136
RIOOA(IKNJ.L) - FINAP-R1OOKJ UPWEIL 1137

68 CON4TINUE UPWELL 1138
cc STATEMENT 70 IS FOR NADIR LOOP ON INDEX J UPWELL 1139

70 CONTINUE U'WELL 1140
CCC UPWEIL 1141
cc COMPUTE AVERAGES OVER NADIR ANGLES J AT WAVENflBERS UPWELL 1142
cc L-1,NWAVEJ AND ALTITUDE 1. UPWELL 1114S

FINAD - 1.O/FLOAT(NNADIR) UPWrv, 1144
00 74 L"1,NWAVEJ UPWELL 1145
SUNK - 0.0 UPWELL 1146
00 72 3-1,NNADIR UPWELL IiA'
SLIP - SUNK + UPRADA(I,.,L) UPWELL 1145

72 CONTINUE UPWtIL IllS;
IPRAON(I,L,.UAND) -FINAD-SUMM UPWEIL 1150

74 CONTINUE UPWELL 1151
CCC UPWEIL 1152

IF( CLOFGI.EQ.O.O ) GO TO 80 IJPWELL 1153
IF( 1KM GT. 6 ) GO TO 80 UPWtIL 1154

CCC UPMELL 1155
DO 78 Lal,NWAVEJ UPWELL 1156
MRCVKJ - 0.0 UPWEIL 1157
R01OKJ - 0.0 UPWEIL 1158
R025KJ - 0.0 UPUELL 1159
ROSOKJ - 0.0 UPWtIL 1160
R090KJ - 0.0 UPhIELL 1161
R100KJ - 0.0 UPWELL 1162
DO 76 31I,NNADIR UPWtIL 1163
ARCVKJ - ARCVKJ + MRCVA(IKN.JL) UPWELL 1164
ROICKJ - RO1OKJ + ROIOA(IVMJ,L) UPWELL 1165
R02SK.J - R02SKJ 4 ROZSA(IKN.J.L) UPWELL 1166
ROSO(J - R0StKJ * ROSOA(IKM.J.L) UNWELL 1167
R09OKJ - ROMcJ + RO9OA(IKM,J.L) UPWEIL 1168
R1DO(J - R1OOEJ + R100A(IKMJ.L) UPUELI 1169

76 CONTINUE UNWELL 1170
ARCVN(IKN,L) - FINAD*ARCVKJ UPWtIL 1171
ROION(IKN,L) - FINAO*ROIXKJ UPWtIL 1172
R025N(IKN,L) - FINADaRO2S(J UPWEIL 1173
ROSON(IKN,L) - FINAD-RO5OJ UPWELL 1174
RO9ON(IKM,L) - FIMAD-RO90KJ UPWELL 1175
R100N(IKN,L) - FINAORIOOKJ VPhIELL 1176

CcC UPWELL 1177
CCC THE GRC VERSION INSERTS THE FOLLOWING RE-SETTING OF UPRADN(I. UPWELL 1178
CCC L.1MAND) FOR ALTITUDES GE. 12 KM AND IF CLIDUOS ARE INCLUDIED. UPWtIL 1179
CCC UPRADN(I.,LJBMND) a R050f1(IKML) * MRCYN(IKNL) UNWELL 1180
CCC UPWELL 1181

78 CONTINUE UNWELL 1182
cc STATEMENT 80 IS FOR ALTITUDE LOOP ON INDEX I UNEFLL 1183

9O CONTINUE U`PWIL 1185
RETURtN UPWELL 1185
END UPWtIL 1186
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SUBROUTINE VLIN ( X, A. Y, B. Z ) VLIN 2
C YLIN 3
C *VLINt FORMS THE LINEAR COMBINATION OF TWO VECTORS. VLIN 4
CLJ SUBROUTINE VLIN RETURVS X(1-!) - A'Y(1-3) + B*Z(1-3). YLIN 5
C VLIN 6

DIMENSION X(3) ',3V , Z(3) YIIN 7
x(1) - A * Y(¶) + 3* Z(1) VLIN a
X(2) - A * Y(2) + B * Z(2) VLIN 9
X(3) - A * Y(3) 4. * Z(3) VLIN 10
RETURN VLIN 11
END VLIN 12

C* XMIT XMIT 2
SUBROUTINE XMIT ( LX, X, V ) XMIT 3

C XMIT 4
C *XMIT* COPIES A CORE BLOCK TO ANOTHER LOCATION. XMIT 5
C XMIT 6
CLJ A GE TEMPO VERSION OF THE GRCC ROUTINE XMIT WRITTEN IN COMPASS KNIT 7
CLJ LANGUAGE. XMIT 8
CLJ XNIT 9
CLJ INPUT PARAMETERS XNIT 10
CLJ ARGUMENT LIST XMIT 11
CLJ LX - LENGTH OF ARRAY X XMIT 12
CLJ X - THE ARRAY OR CONSTANT TO BE COPIED INTO ARRAY Y. XMIT 13
CLJ OUTPUT PARAMETER XMIT 14
CLJ ARGUMENT LIST KMIT 15
CLJ Y - Ai, 'RRAY, COPIED FROM ARRAY X IF LX.GT.O, AND SET KMIT 16
CLJ TO A CONSTANT X(I) IF LX.LT.O . XMIT 17
CLJ A RETURN OCCURS IF LX.EO.O OR IF THE ADDRESS OF X XMIT 18
CLU EQUALS THE ADDRESS OF Y. XMIT 19

DIMENSIOh X(1), Y(l) KMIT 20
IF (LX .LE. 0 ) GO TO 6 XMIT 21

CLJ LOCF, A FORTRAN INTRINSIC (INTEGER) FUNCTION. OBTAINS THE XMIT 2?
CLJ ADDRESS OF A VARIABLE. ARRAY ELEMENT. OR ENTRY POINT OF XMIT 23
CLJ EXTERNAL SUBPROGRAM. XMIT 24

IF ( LOCF( X ) - LOCF( Y ) 3. S, 1 XMIT 25
1 Do 2 1-1,'.X KNIT 26
] Y(I) = X(i) XMIT 27

GO TO S XMIT 28
CIL) THIS BRANCH ALLOWS SHIFTING ThE FIRST LX MEMBERS OF ARRAY X TO KNIT 29
CLJ START AT SOME MEMBER W)i!CH LIES WITHIN THE FIRST LX MEMBERS. XMIT 30

3 K - LX XNIT 31
DO 4 I*I,LX XMIT 3?

*() X(K) Ymp 33
4 k - K - K XMIT 34
5 RETURN XMIT 35
S IF ( LX .EQ. 0 ) RETURN KMIT 36

LXX - -LX XMIT 37
0o 7 -I,LXX XMIT 3q

7 Y(I) - X(I) KNIT 39
RETURN XKIT 40
END XMIT 41
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